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INTRODUCTION 
The onset of ovarian activity at puberty and the subse­
quent maintenance of regular estrous cycles seem to be under 
the influence of environmental, neural and endocrine factors. 
One of the environmental factors that influences ovarian 
activity is photoperiod. Even though the role of photoperiod 
in affecting the ovarian activity of seasonal breeders has 
been established, the reports on the effect of photoperiod on 
nonseasonal breeders, such as the pig, have often been 
conflicting. 
Another factor that also affects the initiation of ovari­
an activity is olfaction. In several species, the exposure 
of prepubertal females to male odor (pheromone) hastens 
puberty. There also is evidence that, in sows, removal of 
the olfactory bulbs causes cessation of estrous cycles. 
Even though photoperiod, olfaction and other environ­
mental factors can modify the timing of puberty, the occur­
rence of puberty and the maintenance of estrous cycles depend 
primarily on gonadotropic hormones secreted by the anterior 
pituitary gland. The gonadotropic hormones are in turn con­
trolled by the hypothalamus which is connected to the 
pituitary by an anatomical stalk. Transection of the hypo-
thalamo-hypophysial stalk abolishes the control of gonado­
tropic hormones by the hypothalamus and provides a useful 
tool for studying the neuroendocrine control of ovarian 
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activity by the hypothalamo-hypophysial unit. 
The objectives of this study are (1) to investigate the 
influence of environmental and social factors on the initia­
tion of ovarian activity in prepubertal gilts and (2) to 
initiate ovarian activity in hypophysial-stalk transected 
beef heifers by pulsatile infusion of luteinizing hormone-
releasing- hormone. 
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PART I. THE EFFECTS OF ISOLATION, PHOTOPERIOD AND OLFACTORY 
BULBECTOMY ON GROWTH AND PUBERTY IN YORKSHIRE GILTS 
4 
INTRODUCTION 
Sexual maturation and the onset of puberty are aspects 
of mammalian reproduction which have received considerable 
attention. Even though the onset of puberty in a particular 
species is under genetic control, the timing of pubertal 
events can be modified by environmental conditions such as 
exposure of females to males, level of nutrition, tempera­
ture, photoperiod and noise (Moltz, 1975). 
Photoperiod, which is an important regulator of annual 
breeding cycles in several adult mammalian species, has also 
been shown to play a role in the sexual maturation process. 
Studies involving the effects of constant light or darkness 
on laboratory rodents have generally indicated an inhibitory 
effect of light deprivation on sexual maturation (Fiske, 1941; 
Hoffmann, 1973; Vaughan et al., 1973). There also is evidence 
that the time of onset of reproductive activity in lambs is 
influenced by the season of birth. Lambs that are born during 
periods of decreasing daylengths of the fall season in tem­
perate zones do not begin to ovulate until the next breeding 
season when they are nearly 1 year old (Wiggins et al., 1970; 
Mallampati et al., 1971; Dyrmundsson and Lees, 1972). 
Even though pigs are not known to be seasonal breeders, 
the results of several studies suggest that photoperiod may 
affect their growth and reproductive performance. The results 
of such studies become particularly important when one con-
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siders that, with modern-day intensive swine production prac­
tices, more pigs are being moved indoors which may reduce 
light. Studies have shown that prepubertal boars reared in 
supplemental lighting attain puberty earlier (Mahone et al., 
1979; Hoagland and Diekman, 1981). Reports on the effect of 
photoperiod on the onset of puberty in gilts, however, have 
been conflicting. Work by Dufour and Bernard (1958) and by 
Benkov (1974) showed that exposure of gilts to short daily 
photoperiod hastened puberty and improved conception rates. 
Contrary to these findings, other workers have found longer 
photoperiods to hasten puberty (Surmuhin et al., 1971; Hacker 
et al., 1974; Ntunde et al., 1979). A third group of investi­
gators (Wise et al., 1980; Diekman and Hoagland, 1981) found 
no significant effect of supplemental lighting on enhancing 
onset of puberty in gilts. 
Another factor that plays an important role in reproduc­
tive functions and onset of puberty is olfaction. Studies 
involving removal of the olfactory bulbs have shown that it 
affects not only the sexual behavior of both males and females 
but also affects the development and functioning of the repro­
ductive organs. Olfactory bulbectomy during prepubertal de­
velopment has been reported to impair the development of the 
genital tract of rabbits (Franck, 1966), delay puberty in rats 
(Kling, 1954; Orbach and Kling, 1955; Sato et al., 1974) and 
cause irregular cycles in mice (Lamond, 1958; Vandenbergh, 
1973). 
! ! 
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While there is little doubt that exposure of prepubertal 
gilts to boars hastens puberty (Zimmerman et al., 1974; 
Thompson and Savage, 1978; Wise et al., 1980; Diekman and 
Hoagland, 1981), studies on the effect of olfactory bul­
bectomy on the reproductive performance of gilts often have 
yielded conflicting results. A report by Signoret and Mauleon 
(1962) indicated that olfactory bulbectomy in adult gilts re­
sults in permanent anestrus accompanied by accumulation of 
secretory granules in the hypophysis, thus suggesting that 
bulbectomy impairs the discharge of pituitary gonadotropins 
and results in permanent loss of gonadal function. In con­
trast, studies by Meese and Baldwin (1975) showed that ol­
factory bulbectomy in prepubertal gilts had no effect on their 
subsequent estrous cycles, mating and fertility. 
In view of these conflicting reports on the effects of 
photoperiod and olfactory bulbectomy on swine reproduction, 
4- V» -î o cf" t.t^ o 4- 5a ^/-•or-4- ^ i r> 4- ^•F-Fo<^4- c r>-F 4-/~>4-al Ha vie— 
ness and constant light; isolation and group rearing; and 
olfactory bulbectomy on growth, time of puberty and ovulation 
rate in gilts from 3 to 5 months to 8 to 9 months of age. 
LITERATURE REVIEW 
The Effect of Photoperiod on Growth and Puberty 
Most of the work on the effect of different light regi­
mens on sexual maturation in mammalian species has been done 
on seasonal breeders, such as rodents and sheep. An early-
report by Fiske (1941) showed that immature female rats 
reared in continuous light from birth or from 21 days of age, 
exhibited sexual maturity 6 days earlier than females kept 
under normal laboratory conditions, and much earlier (15 
days) than those confined in complete darkness. The average 
ages at puberty recorded by Fiske for the constant light, 
normal light and the dark groups were 45, 51 and 61 days, 
respectively. 
Exposure of adult cycling rats to continuous illumina­
tion results in prolonged cornification of the vaginal epi­
thelium, irregular cycles and eventual sterility (Fiske, 
1941; Lawton and Schwartz, 1957; Daane and Parlow, 1971). 
Ramaley and Bunn (1972) compared the time of vaginal opening 
in summer-born and winter-born rats and reported that, while 
those born in summer had vaginal opening at an average age of 
34.2 days, vaginal opening in the winter-born rats was sig­
nificantly delayed (39.5 days). Pamaley (1977) also has re­
ported that, even though vaginal opening occurs earlier in 
rats reared in continuous light from birth or weaning, such 
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animals enter persistent estrus more slowly than those placed 
in continuous light at 60 days of age. 
Continuous light has been shown to be a potent stimulator 
of gonadotropin release, as indicated by the reappearance of 
proestrous- and estrous-type vaginal smears in female rats 
whose gonads have become nonfunctional as a result of under­
feeding (Piacsek and Meites, 1967). Studies by Piacsek and 
Hautzinger (1974) showed that the duration, intensity and 
spectrum of light used had a significant effect on the results 
obtained in studies involving the effect of light on puberty 
onset. While 22 or 24 h light per day significantly advanced 
vaginal opening in female rats, when compared to 14 h light 
per day, no differences were obtained between 6 and 14 h per 
day exposure. Furthermore, they reported that, while in long 
exposure, intensity was not important, animals exposed to 14 
h light at 100 Im/m matured faster than those at 30 or 500 
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Im/m". In continuous exposure, red light was found to be the 
most effective in stimulating onset of puberty. Studies with 
other photoperiodically sensitive rodents have shown that not 
all seasonal breeders are dependent on daylength for sexual 
maturation. Thus, while male Djungarian hamsters raised on 
6 h light ; 15 h dark regimen require more than 100 days to 
attain puberty, but only 35 to 40 days if raised on 16 h 
light:8 h dark (Brackmann and Hoffmann, 1977), exposure of 
young female golden hamsters to either 14 h light;10 h dark 
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or 6 h light:18 h dark had no effect on the development of 
the gonads and accessory organs. In the adult female, how­
ever, the reproductive system is inactivated when daylength 
is less than 12.5 h (Darrow et al., 1980). Similar studies 
on collared lemmings and some species of voles by Hasler 
(1975) demonstrated no effect of short daylengths on repro­
ductive development, whereas prepubertal exposure of the 
vole (Microtus montanus) to constant darkness delayed the 
growth of the female reproductive organs (Vaughan et al., 
1973). 
Although photoperiod is considered to be the major en­
vironmental factor governing seasonal reproduction in the 
mature ewe (Yeates, 1949; Hafez, 1952; Legan and Karsch, 1980), 
some investigators have suggested that daylength may not be 
the primary determinant of the time of first ovulation. 
Radford (1961) subjected Merino ewes to continuous light from 
ages 2 to 3 months until they were 3 years old; Compared 
with the activity exhibited by control ewes under normal 
daylength, the occurrence of estrus but not of ovulation was 
partly suppressed by continuous light during the first year. 
There was no difference between the two groups during the 
third year. Work by Smith (1957) also showed that lambs 
exposed to artificial long daylength of 16 h daily attained 
first estrus at 236 days of age which compared favorably with 
the 217 days obtained for controls exposed to the normal 
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decreasing daylength of winter. 
Contrary to these studies by Radford (1961) and Smith 
(1967), showing the ineffectiveness of artificial long day-
length to significantly delay the time of first ovulation in 
lambs, there is evidence that the time of onset of reproduc­
tive activity in lambs is influenced by the season of birth. 
Lambs that are born during the normal birth season (late 
winter and spring) first ovulate during the fall and winter 
breeding seasons. In March-born females, ovulations are 
initiated at approximately 30 weeks of age (Mallampati et al., 
1971; Dyrmundsson and Lees, 1972; Foster and Ryan, 1979). 
By contrast, lambs that are born during the fall do not begin 
to ovulate at 30 weeks, an age which is attained during the 
spring and summer anestrous season. First ovulation in these 
lambs is delayed until the next breeding season when they are 
nearly 1 year old (Wiggins et al., 1970; Mallampati et al., 
1971; Dyrmundsson and Lees, 1972). 
Studies by Foster and Ryan (1979) showed that, in March-
born lambs, the decrease in estradiol inhibition of tonic LH 
secretion required to initiate the first follicular phase 
during puberty occurs in the breeding season. Foster (1981) 
compared the ages at which a decrease in the responsiveness 
to estradiol feedback inhibition of tonic LH secretion and 
first ovulation occurred in these lambs that were born out of 
their normal birth season (fall) and those born during the 
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normal season of birth (spring). In the controls born in 
spring and raised under natural photoperiod, first ovulation 
occurred at 31 weeks of age, while lambs born in fall and 
raised in natural photoperiod did not exhibit evidence of 
first ovulation until after the onset of the breeding season 
when they were 49 weeks old. Foster further reported that, 
in fall-born lambs that were reared in an artificial day-
length similar to that which they would have experienced had 
they been born in spring, the delay in onset of estrous 
cycles was reduced markedly. In these lambs, first ovulation 
occurred at 35 weeks. In all the groups, Foster observed a 
decrease in responsiveness to negative feedback as reflected 
by an increase in serum luteinizing hormone (LH) in estradiol 
treated lambs, at the time ovulations began. Relative to 
spring-born lambs, the decrease in responsiveness to estradiol 
feedback was delayed in the fall-born lambs under natural 
environment and was restored to near normal in the fall-
born lambs under reversed photoperiod, thus suggesting that 
the delay in the time of first ovulation in lambs born out 
of season resulted from a photoperiod-induced delay of the 
decrease in responsiveness to estradiol inhibition of tonic 
LH secretion. 
Even though pigs are not known to be seasonal breeders, 
the results of several studies suggest that photoperiod may 
have an effect on their growth and reproductive performance. 
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Studies on the effect of different light regimens on the 
onset of puberty have yielded more consistent results in 
boars than gilts. Mahone and colleagues (1979) compared the 
reproductive performance of prepubertal boars reared in sup­
plemental light (15 h total light/day) with those under fall 
daylength (9.3 - 12.7 h light), and reported that, by 30 
weeks of age, 88% of boars receiving supplemental light had 
had semen collected from them compared with only 44% of the 
controls. By the 32nd week, semen had been collected from 
all the boars in supplemental light but only from 55% of the 
controls. Libido scores also were observed to be higher in 
the light-exposed group than in the controls. Hoagland and 
Diekman (1981) also showed that supplemental lighting during 
winter hastened puberty in boars and increased libido scores. 
These authors observed no effect of supplemental lighting on 
LH levels. A report by Minton et al. (1980) showed that, 
even though LK concentrations were similar in boars exposed 
to either 8 or 15 h fluorescent light daily, testosterone 
levels in peripheral blood were higher in those boars exposed 
to 15 h light. The authors suggested, therefore, that dura­
tion of photoperiod may influence endocrine function of the 
testes in boars. 
Results of studies on the influence of photoperiod on 
growth and sexual development in gilts have been inconsistent. 
One of the early reports on the effect of light on reproduc­
13 
tion in gilts was by Dufour and Bernard (1968) who compared 
the time of onset of puberty in gilts raised in complete 
darkness with those reared in normal daylength. They ob­
served that gilts raised in complete darkness exhibited first 
estrus 11 days sooner than those in normal daylength. There 
were no differences, however, in the body weight at first 
estrus or the number of corpora lutea (CL). In another ex­
periment involving the same light regimens, Dufour and 
Bernard optically enucleated half the gilts and observed a 
delay of 14 days in the onset of puberty as compared with 
controls. 
In contrast to the findings of Dufour and Bernard (1968), 
Hacker and his associates (1974) reported that complete dark­
ness delayed puberty in gilts. These workers reported that 
gilts maintained in 12 h light and 12 h dark daily, averaged 
183 days at pubertal estrus, and had an average daily gain 
of 0.74 kg, while those reared in complete darkness averaged 
222 days at first estrus and had an average daily gain of 
0.70 kg. Ntunde et al. (1979) also have shown that gilts 
reared in complete darkness exhibited puberty later and at 
heavier weights than gilts in 18 h light with 6 h dark 
daily, or those in a natural winter photoperiod of 9 to 10.8 
h light daily. The average weights and ages at puberty for 
the three groups were 103.3, 90.3, and 94.8 kg and 193.4, 
176.6 and 177.1 days, respectively. Ntunde and his associates 
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did not observe any differences in average daily gain or feed 
conversion attributable to photoperiod. The results of work 
by Adam and Barna (1978), however, indicated that, while there 
was no difference in daily gains between fattening pigs kept 
in constant light and those kept in 21 h darkness daily, 
efficiency of food conversion was 4.6% higher in the group 
maintained in constant light. 
In studies involving Russian Large White gilts, Surmuhin 
et al. (1971) reared gilts in different light regimens from 
3.5 to 9 months and reported that, at 9 months the average 
weight of uterus and ovaries in gilts subjected to 12 to 14 
h light daily was 18 to 25% greater than those exposed to 
only 8 h light daily. They further reported that the numbers 
of fully developed follicles at 9 months in gilts subjected 
to 8, 12 and 14 h light daily averaged 25.4, 32.4 and 33.0, 
respectively. 
In a recent investigation, Diekman and Hcagland (19S1) 
subjected 9-week-old gilts to one of four treatments, namely; 
(1) supplemental light and boar exposure, (2) supplemental 
light without boar exposure, (3) no supplemental light with 
boar exposure and (4) no supplemental light and no boar ex­
posure. They observed that at 8 months, the percentage of 
gilts displaying estrus were 77, 13, 80 and 31 for the four 
treatments, respectively. They concluded, therefore, that, 
while boar exposure advanced puberty, supplemental light from 
February to July did not. 
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The Effect of Olfactory Deficit on 
Mammalian Reproduction 
The results of a number of studies suggest that odors 
are important in mammalian reproduction. The removal of the 
sense of smell, therefore, may affect the reproductive 
capacity of an animal. The effects of olfactory deficit on 
reproductive functions vary not only with species but also 
with the procedure used in producing anosmia. 
Procedures for producing olfactory deficit 
Bilateral surgical removal of the olfactory bulbs is the 
most widely used method of producing anosmia experimentally. 
The procedure involves removal of a small part of the frontal 
region of the frontal bone and calvarium, and incision of the 
dura mater to expose the olfactory bulbs. The bulbs are re­
moved by aspiration, and to prevent excess bleeding, gel 
foam is often inserted to fill the space. The major limita­
tion of this surgical approach for olfactory bulb removal as 
a technique for inducing anosmia is that the lesion can pro­
duce significant behavioral and physiological effects which 
are not directly related to the sensory deficit. Bulbec-
tomized rats have been reported to become irritable and hyper-
emotional (Alberts and Friedman, 1972). 
Anatomic evidence suggests that in the rat the lateral 
olfactory tract is the sole sensory projection from the ol­
factory bulbs to the brain (White, 1965). Destruction of this 
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fiber bundle, therefore, should eliminate all sensory in­
formation from the olfactory bulbs to the brain. Long and 
Trapp (1970) produced lesions on the lateral olfactory tract 
of rats by passing electric current through the tract. They 
observed that, when lesions included 100% of the tract, the 
animals became anosmia and failed to show any preference for 
rat food odors. The advantage with this method is that 
surgical trauma is less than that involved in bulbectomy. 
Less neural tissue is destroyed and excessive bleeding may 
be avoided (Alberts, 1970). 
The difficulty of interpreting data from bulbectomized 
animals is that distinctive intervention into the central 
nervous system may produce unwanted secondary effects in 
addition to the desired effect of anosmia. To avoid this 
problem, it often has become desirable for researchers to 
produce anosmia by destruction of peripheral sensory struc­
tures so that the effect of anosrnxa on reproductive functions 
could be evaluated directly. 
As early as 1938, Smith reported that olfactory susten-
tacular and basal cells in the sensory epithelium of the nasal 
cavity of the rat were destroyed when bathed briefly by a 1% 
solution of zinc sulfate in 0.5% saline solution. Based on 
this early finding, Alberts and Galef (1971) described a 
technique for intranasal administration of zinc sulfate in 
rats. Basically, their procedure consisted of the introduc­
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tion of a bent catheter into the mouth of the rat. The bent 
tip of the catheter was run along the hard palate until the 
rounded apex was felt to enter the esophagus. The catheter 
was then withdrawn rostrally so that the tip entered the 
nasal cavity via the posterior choanae located behind and 
above the palate. Five percent zinc sulfate than was in­
jected until about 8 drops drained from the external nares. 
The results of Alberts and Galef showed that anosmia (tested 
by buried scented pellets) lasted from 2 to 14 days. 
Another method of producing peripheral anosmia is by 
anaesthetization of the nasal mucosa. Banks and his associ­
ates (1963) have reported that the application of 3 cc of 
xylocaine hydrochloride (2%) to the nasal epithelium and 
sinuses induced temporary anosmia and abolished the courtship 
behavior of rams. The anosmia, however, lasted only 2 h. 
The advantage of this method is the reversibility of the 
olfactory deficit. 
The effect of olfactory deficit on male and female sexual 
behavior 
In several species, mating behavior in both the males 
and females can be greatly affected by olfactory bulbectomy. 
In the Syrian golden hamster, bulbectomy greatly reduces 
or abolishes mating behavior regardless of their sexual ex­
perience (Doty, Carter and Clemens, 1971; Murphy and 
Schneider, 1970; Winans and Powers, 1974). Sectioning of the 
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lateral olfactory tracts (Devor, 1973) and intranasal injec­
tion of zinc sulfate (Devor and Murphy, 1973) also produce 
similar results. Carter (1973) reported that, in contrast 
to the male, olfactory bulb removal in female hamsters had 
no effect on their copulatory behavior as measured by either 
lordosis duration with sexually active males or by post-
copulatory changes in behavior towards the male. 
Beach (1942) reported that most bulbectomized male rats 
showed some deficit in mating behavior and that many of them 
stopped mating altogether. Later studies showed that the 
deficit in male rats was primarily one of difficulty in 
achieving ejaculation (Bermant and Taylor, 1959; Cain and 
Paxinos, 1974; Heimer and Larsson, 1967). In the rat, unlike 
the hamster, however, bulbectomy in males which have had 
sexual experience prior to the operation does not appear to 
affect their sexual behavior. Bulbectomy of sexually inex­
perienced male rats prevented the occurrence of sexual be­
havior and this occurred whether the bulbectomy was performed 
prepubertally or postpubertally (Larsson, 1975). In the male 
rat, therefore, while the olfactory bulb is of minor impor­
tance for the maintenance of mating performance once sexual 
behavior has been initiated, it plays an important role in 
the initiation of sexual behavior. 
Larsson (1969) observed that bilateral bulbectomy of 
male rats resulted in a decrease in mating activity of the 
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anosmia rats. When these rats were injected with either a 
potent long-acting testosterone preparation or with gonado­
tropic hormones, no improvement occurred in their sexual 
behavior, indicating that the deficit in sexual behavior was 
not caused by hormonal changes but rather by impaired func­
tion of the neural mechanisms mediating sexual behavior. 
Cain and Paxinos (1974) reported that, in contrast to 
bulbectomized rats, zinc sulfate treated rats showed no defi­
cit in mating to ejaculation. Such animals, however, did 
show an increase in sniffing and licking of the female 
genitalia, suggesting that the vomeronasal system of these 
rats remained functional. 
Wilhelmsson and Larsson (1973) showed that, when anosmic 
male rats were reared in isolation, there was complete sup­
pression of sexual behavior. In contrast, when anosmic male 
rats were reared together with female litter mates, 50% ex-
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reared, the anosmic group-reared rats showed an increased 
number of mounts preceding ejaculation. They also reported 
that only 20% of intact-isolated rats showed complete sup­
pression, thus indicating that total suppression of sexual 
behavior was a combined effect of isolation and anosmia. 
Studies on female rats by Kling (1964) showed that there 
was a slight reduction in mating capacity and gonadal weights 
after either bilateral or unilateral olfactory bulb lesions 
20 
during infancy. Curry (1974) also reported that bulbectomized 
female rats mated less frequently than normal females. Orbach 
and Kling (1966), however, found no significant decreases in 
mating after peripheral olfactory impairment during infancy. 
Aaron, Roos and Asch (1970) found that female rats with 
olfactory bulb deprivation demonstrated normal vaginal 
cyclicity and showed mating behavior when tested during the 
estrous stage of the cycle. These workers found, however, 
that the early mating receptivity that normally occurs during 
the night following day 3 (diestrus) in 5-day cyclic rats was 
abolished by anosmia. It also was reported that estrogen 
priming totally restored the early receptivity in these 
bulbectomized rats. The authors suggested, therefore, that 
in a 5-day cyclic rat, the level of endogenous estrogen 24 h 
before estrus was high enough to activate the neural struc­
tures involved in determining early receptivity during the 
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the threshold reactivity of the neural structures to endoge­
nous estrogen. Removal of the olfactory bulbs raised this 
threshold and prevented the early mating behavior that could 
otherwise be elicited in unoperated animals. 
Moss (1971) reported that bulbectomized female rats 
showed slightly increased levels of sexual receptivity than 
sham-operated females in response to treatment with estrogen 
and progesterone. A report by Edwards and Warner (1972) 
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confirmed Moss's work. They showed, however, that the facili­
tating effect of bulbectomy on hormone-induced receptivity 
was evident by estrogen stimulation alone and that substan­
tial facilitation occurred even when bulb damage was not 
complete. Edwards and Warner further showed that when 
anosmia was induced peripherally by zinc sulfate treatment, 
there was no enhancement of receptivity. They concluded, 
therefore, that the facilitation produced by bulbectomy was 
not caused by production of anosmia per se. but rather that 
the olfactory bulbs constituted a source of toxic inhibition 
upon other brain systems, such that their removal led to an 
increased tendency for the hormone-treated female rat to dis­
play more lordosis. McGinnis and colleagues (1978) also have 
reported that ovariectomized female rats subjected to olfac­
tory bulbectomy and treated with 0.5, 1.0 or 2.0 ng estradiol 
benzoate per day for 3 days show a dose-related increase in 
lordosis behavior relative to the response in sham-operated 
controls. Tyler et al. (1979) demonstrated that, in 
bulbectomized rats showing enhanced sensitivity to estradiol 
benzoate, there was a bulbectomy-dependent decrease in 
tyrosine hydroxylase (a rate-limiting enzyme in dopamine syn­
thesis) activity in the corpus striatum and a bulbectomy plus 
estradiol benzoate-dependent decrease in tyrosine hydroxylase 
activity in the olfactory tubercle. These authors also noted 
that, in the sham-operated estrogen-treated animals, there 
i 
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was a significant suppression of glutamic acid decarboxylase 
(a rate-limiting enzyme in gamma amino butyric acid (GABA) 
synthesis) activity in the ventral tegmental region, while 
in the bulbectomized estrogen-treated animals, there was no 
such suppression. They suggested, therefore, that bulbectomy 
may enhance behavioral sensitivity in GABA-dopamine interac­
tions which are similar to those observed following septal 
destruction and which results in diminished behaviorally in­
hibitory dopamine tone. 
Rowe and Edwards (1972) reported that about 80% of 
bulbectomized male mice showed no desire to mount receptive 
females, while in contrast, 100% of sham-operated and un-
operated males mounted receptive females. Peripheral ol­
factory impairment by zinc sulfate, however, does not seem 
to have any effect on the mating behavior of male mice 
(Edwards and Surge, 1973). Work with female mice by Lamond 
(1958) indicated that, among cycling bulbectomized animals, 
there were few copulation plugs or pregnancies. Thompson and 
Edwards (1972) tested the sexual behavior of bulbectomized 
female mice that had been ovariectomized and hormonally in­
duced, into estrus. The bulbectomized females showed de­
creased lordosis. Edwards and Burge (1973) applied intranasal 
zinc sulfate treatment to female mice and also observed re­
duced lordosis after the peripherally induced anosmia. 
Some of the studies on olfactory deficit and female 
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sexual behavior have been done on the effect on maternal be­
havior. Gandelman and his associates (1971) reported that 
removal of the olfactory bulbs in pregnant and nonpregnant 
mice led to a loss of maternal behavior, and cannibalism of 
the young occurred in all cases studied. Gandelman et al. 
(1972) also reported that multiple experiences with pregnancy 
and parturition occurring after olfactory bulb removal did 
not abolish the cannibalism behavior. Thus, a bulbectomized 
mouse could become pregnant more than once and yet in all 
cases display cannibalism. A similar report by Schlein et 
al. (1972) showed that bulbectomy in virgin female rats re­
sulted in consistent attacks of the anosmic animals on young 
rats, whereas nonbulbectomized virgins did not attack the 
young ones. The authors also reported that bulbectomized 
priraiparous animals did not attack young ones, thus indicat­
ing that the display of cannibalism by the virgin rat follow­
ing loss of olfaction vas caused by a lack of previous ex­
perience since the sensitized rats did not attack their young. 
Vandenbergh (1973) reported that, when anosmia was induced 
in female mice either centrally by removal of the olfactory 
bulbs or peripherally by a zinc sulfate flush of the nasal 
epithelium, conception rates dropped. Furthermore, both 
central and peripheral anosmia disrupted maternal care, but 
the severity of the effect was greater among centrally anosmic 
females. 
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Olfactory bulbectomy experiments in other mammals have 
yielded interesting results. Complete bilateral olfactory 
bulb removal produced no decrement in mating behavior of 
either male rabbits (Brooks, 1937) or male cats (Aronson and 
Cooper, 1974). Bulbectomized male cats actually showed a 
slight increase in some measures of mating behavior, pre­
sumably due to a decreased distraction from nonsexual olfac­
tory stimuli (Aronson and Cooper, 1974). Donovan and Kopriva 
(1965) reported that olfactory bulb removal in female guinea 
pigs reduced the incidence of mating. Lesions of the olfac­
tory bulbs and adjacent structures, however, failed to affect 
either mating or spontaneous ovulations in both rabbits 
(Sawyer, 1959) and ferrets (Van der Werff ten Bosch, 1953). 
Work in male rhesus monkeys by Michael and Kerverne (1968) 
showed that there was a decrease in sexual arousal in rhesus 
monkeys following intranasal insertion of a plug soaked in 
bismuth-iodoforir. paste and severing of the vomeronasal nerve. 
Of the farm animals, sheep and pigs have received the 
most attention with regard to the effect of olfactory bulbec­
tomy on sexual behavior. A report by Fletcher and Lindsay 
(1968) showed that, while olfactory bulbectomy decreased the 
precopulatory behavior in rams and reduced their ability to 
discriminate estrus from nonestrus ewes from a distance, it 
had no effect on actual copulation. Intranasal injections of 
xylocaine also do not seem to affect the copulatory ability 
i 
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of rams (Banks et al., 1963). Fletcher and Lindsay (1968) 
observed that bulbectomized ewes displayed normal estrus but 
were less effective than controls in competing for the atten­
tion of rams and, thus, mated less. In the ewe, the sense 
of smell seems to be responsible for discriminative behavior 
by the mother, who rejects any alien young. Anosmia, induced 
before parturition, eliminates this discriminative behavior 
(Morgan et al., 1975). 
Studies by Booth and Baldwin (1980) showed that olfac­
tory bulbectomy in prepubertal boars did not affect mating 
adversely when the animals attained maturity. Similarly, 
bulbectomy in prepubertal gilts did not affect subsequent 
mating and maternal behavior. Meese and Baldwin (1975) re­
ported that gilts bulbectomized prepubertally exhibited normal 
mating behavior on reaching maturity, in the presence of the 
boar. These authors further reported that olfactory bulbec­
tomized sc/js did not reject their litters and also they 
did not exhibit aggressive behavior towards introduced strange 
piglets. Unoperated sows, on the other hand, were aggressive 
towards strange piglets. 
The effect of olfactory deficit on puberty and 
estrous cycles 
Work by several investigators have shown that olfactory 
bulbectomy affects the state of the reproductive organs, the 
onset of puberty,_ ovulation and estrous cycles. 
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There seems to be species differences in the effect of 
olfactory bulbectomy on the reproductive organs. Whitten 
(1956) reported that the ovaries and uteri of mature anosmic 
mice were significantly smaller than those of intact animals. 
Whitten further observed that the corpora lutea were either 
absent or atrophic, and the vagina remained closed in about 
70% of the anosmic animals. He did not, however, observe 
any effect of anosmia on testicular development. Franck 
(1966) reported that prepubertal olfactory bulbectomy impaired 
the development of the genital tract of female rabbits. Work 
by Signoret and Mauleon (1962) showed that olfactory bulb 
removal in adult sows was followed by a significant reduction 
in uterine and ovarian weights. In the rat, neither bulbec­
tomy at 6 days of age nor olfactory mucosal damage in the 
young produced significant changes in ovarian weight when 
the animals reached maturity (Orbach and Kling, 1966; Sato 
et al,, 1974). Kling (1964) reported, however, that section­
ing the lateral olfactory tracts in young rats resulted in a 
significant reduction in ovarian weight in adulthood. Reiter 
et al. (1970) also observed that a decrease in ovarian weight 
in adult rats was greatly accentuated if olfactory bulbectomy 
was combined with removal of eyes. 
Kling (1964) reported that bilateral transection of the 
olfactory stalk delayed puberty in female rats. In intact 
rats, vaginal opening occurred by day 38, while vaginal 
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opening was delayed to day 47 in operated animals. Kling 
further reported that unilateral lesions of the olfactory 
stalk also were effective in delaying vaginal opening to day 
46. Orbach and Kling (1966) produced anosmia in infant rats 
by (1) injection of a drop of 10% formalin into the nostrils, 
(2) coagulation of the olfactory mucosa with direct current, 
and (3) aspiration of the olfactory mucosa. They found that 
all three methods were effective in delaying puberty in the 
females. In intact controls, vaginal opening occurred by 
day 40 and by day 50 in anosmic animals. No effect of anos­
mia on the onset of puberty was observed in the male rats 
(as determined by the age at which testicular descent 
occurred). Orbach and Kling suggested that delayed puberty 
in the anosmic female rats was due to the existence of a well-
defined neural pathway from the olfactory bulb to the hypo­
thalamus and that the absence of olfactory inputs to the brain 
affected the rate of raturstion of neurosecretory cells con­
cerned with gonadotropic releasing factors. 
Contrary to these findings of Orbach and Kling (1966), 
Larsson (1977) reported that neither the destruction of ol­
factory epithelium nor olfactory bulbectomy in prepubertal 
rats affected the time of vaginal opening. Both operations, 
however, were followed by irregular cycles characterized by 
prolonged diestrous phases. These changes were transient and 
confined to the first 4 to 5 cycles. Larsson concluded that 
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even though olfaction was not a prerequisite for maintenance 
of normal estrous cycles in the rat, the prolonged cycles 
observed in the first four cycles after bulbectomy on de­
struction of the olfactory epithelium suggested that 
peripheral stimuli could play some role in controlling the 
estrous cycle. 
Sato et al. (1974), investigating the effect of bulbec­
tomy on sexual maturation in female rats, found that vaginal 
opening was delayed by 10 days in those animals olfactory 
bulbectomized at 6 days of age. Such delay, however, did 
not occur when they were bulbectomized at 20 days of age. 
These results could explain the conflicting reports by 
Orbach and Kling (1966) and by Larsson (1977). Orbach and 
Kling bulbectomized their rats at 6 days of age while Larsson 
made his rats anosmic between 24 to 25 days of age. Sato 
et al. (1974) also observed that the growth of the uteri and 
ovaries of the rats bulbectomized at 6 days of age followed 
the same pattern as the sham-operated controls, but lagged 
behind the controls by 10 days. Similarly, LH concentrations 
of the bulbectomized rats also lagged behind that of the 
controls by 10 days. They suggested that early bulbectomy 
may affect the maturation of the hypothalamic neurosecretory 
cells involved with the production or release of gonadotropic 
releasing factor. Reiter et al. (1970) observed that bulbec­
tomy combined with eye removal greatly increased the delay in 
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maturation of young female rats compared with eye removal 
alone. 
Work by Lamond (1958) on mice showed that prepubertally 
bulbectomized females experienced their first estrous cycle 
at the expected time, but the cycles remained irregular until 
3 to 4 months of age. These findings of Lamond have been 
confirmed by Vandenbergh (1973) who observed irregular estrous 
cycles and infertility in female mice following bulbectomy. 
In the mice, bulbectomy also seems to eliminate pregnancy 
block caused by exposure to a strange male (Bruce and Parrott, 
1960) and spontaneous pseudopregnancy as a result of crowding 
(Van der Lee and Boot, 1956). 
Donovan and Kopriva (1965) working with adult guinea 
pigs failed to observe any effect of olfactory bulbectomy on 
estrous cycles. In the same study, they reported that elec­
trical stimulation of the olfactory bulb throughout the es­
trous cycle did not disturb the nornial rh^-thzi. Hcrk by 
Erikson and Wada (1970) claimed that sectioning of the ol­
factory tract had no effect on menstruation or ovulation in 
adult rhesus monkeys. 
There is a paucity of information on the effect of ol­
factory deficit on the reproductive physiology of farm 
animals. A report by Morgan et al. (1972) indicated that, 
in noncycling ewes, bulbectomy eliminates the induction of 
estrus which often accompanies association with males. 
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Signoret and Mauleon (1962) reported that surgical re­
moval of the olfactory bulbs in gilts resulted in permanent 
anestrus. Histochemical studies by these authors revealed 
an accumulation of secretory material in the hypophysis. 
They suggested, therefore, that removal of the olfactory 
bulbs interfered with the discharge of pituitary gonado­
tropins. Contrary to these findings of Signoret and Mauleon 
(1962), Meese and Baldwin (1975) reported that five sows, 
bulbectomized at 3 months of age, all exhibited estrous cycles 
at maturity and conceived at mating. 
It becomes clear from these reports that photoperiod and 
olfaction play significant roles in mammalian reproduction. 
However, their role in reproduction varies widely between 
species and even within the same species. The different 
results reported by these investigators for the same species 
may result from individual variability in a given species or 
from different experimental designs and techniques. 
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MATERIALS AND METHODS 
Experiment 1: The Effects of Isolation and 
Photoperiod on Growth and Puberty 
Experimental animals 
Forty-eight Yorkshire gilts, 10 weeks old and weighing 
approximately 22 kg, were used in this experiment. All gilts 
received the same ration (16% protein) and were fed twice 
daily. Water was available at all times. An adjustment 
period of 1 week was allowed before data collection was 
started. 
Experimental groups 
Gilts from the same litter were assigned randomly to 
one of four treatments as shown in Table 1. Gilts in group 1 
were isolated from each other and kept in total darkness 
throughout the experimental period. Each gilt was housed in 
a pan measuring 2.1 by 1.5 zi. Each pen enclosed on all 
sides with plywood panels. An opening at the top of the pen 
provided adequate ventilation, and a sliding door in the 
front allowed easy access to the pen. A black plastic sheet 
was draped across the front of the pens to block out light. 
The single window and door to the room in which the pens 
were located also were covered with black plastic sheets. 
A single infrared bulb provided sufficient light for feeding, 
cleaning of the pens, and blood collections. 
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Table 1. Treatment groups in experiment I 
Experimental 
group 
Number of 
of gilts Treatment 
1 12 Isolated - total darkness 
2 12 Isolated - constant light 
3 12 Isolated - normal daylength 
(April to September) 
4 12 Grouped - normal daylength 
(April to September) 
Group 2 gilts also were housed in individual pens, 
similar in size to those for group 1 animals. An incandes­
cent bulb (100 watts) and four 40-watt fluorescent bulbs 
provided light 24 h daily. 
Gilts in groups 3 and 4 were housed in the same room and 
received normal sunlight (April to September) through windows 
facing the east. Group 3 gilts, however, were housed in 
individual pens similar in size to those of groups 1 and 2, 
while group 4 gilts were reared in groups of 4 in larger pens 
measuring 4 by 2.5 m. 
Commencing at 10 weeks of age, each gilt was weighed at 
weekly intervals. Gilts in groups 2, 3, and 4 ware weighed 
during the morning, while those in group 4 were weighed at 
night to prevent exposure to light. An infrared bulb placed 
over the weighing scales provided adequate light during the 
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weighing of group 4 gilts. Blood samples also were collected 
once each week from each gilt via the jugular vein using a 
17-gauge needle. The blood samples were centrifugea at 
3000 g for 30 minutes and the serum removed, frozen and 
stored until required for radioimmunoassay of progesterone. 
Beginning at 5 months of age, each gilt was checked 
daily for estrus by visual observations of the vulva for 
reddening and swelling and possible presence of mucus. For 
the group 1 gilts, the vulva examinations were carried out 
with the aid of a flashlight. None of the experimental 
animals was exposed to a boar and the onset of puberty, de­
termined from the daily vulva examination, was confirmed by 
radioimmunoassay of progesterone. 
At 35 weeks of age, for these gilts, the experiment was 
terminated and all animals were slaughtered. Their reproduc­
tive organs were removed and the ovarian and uterine weights 
and the nuniber of corpora lutsa recorded. 
Experiment II, The Effect of Olfactory Bulbectomy 
on Growth and Puberty 
Experimental groups 
Twenty-four Yorkshire gilts, between 3 and 5 months of 
age, were used in this experiment. Gilts from 5 litters were 
assigned randomly to either the treated or control group. 
Twelve gilts representing the treated group were subjected to 
bilateral olfactory bulbectomy, while the 12 controls were 
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sham-operated. One of the controls died midway through the 
experiment and data collected on that individual were not in­
cluded in the statistical analyses. Another control gilt was 
eliminated from the experiment because of lameness and pro­
lapse of the rectum. The age and weight at surgery of the 
treated and control gilts are shown in Tables 2 and 3, 
respectively. 
Table 2. Age and weight of gilts at surgery (olfactory 
bulbectomy) 
Gilt no. 
Age at 
surgery 
(days) 
Weight at 
surgery 
(kg) 
Y2824 102 29.5 
Y2825 109 37.2 
Y2822 114 47.6 
Y2817 123 36.3 
Y2S1S 128 45.4 
Y2813 129 54.0 
Y2815 132 36.2 
Y2800 139 44.9 
Y2802 152 67.1 
Y2790 166 88.0 
Y2793 167 72.5 
Y2796 168 81.6 
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Table 3. Age and weight of gilts at surgery (sham 
bulbectomy) 
Age at Weight at 
surgery surgery 
Gilt no. (days) (kg) 
Y2823 113 45.3 
Y2820 115 27.2 
Y2821 121 45.8 
Y2811 121 41.7 
Y2812 124 42.0 
Y2806 138 55.8 
Y2801 158 79.4 
Y2794 154 59.0 
Y2795 174 85.2 
Y2780 174 54.4 
After recovery from the surgery; 8 of the 12 bulbec-
tomized gilts were placed together in one large pen, and the 
remaining 4 animals were divided evenly between two smaller 
pens. Eight of the sham-operated gilts were also placed to­
gether in a single large pen and the remaining 2 placed in a 
smaller pen. All gilts received a 15% protein ration given 
ad libitum. Water was made available at all times. 
Commencing one week after surgery, each gilt was weighed 
once each week. Blood samples were collected at weekly in­
tervals. The blood samples were centrifuged and the serum 
35 
harvested, frozen and stored until required for radioimmuno­
assay of progesterone. Beginning at 24 weeks of age, each 
gilt was checked daily for signs of estrus by visual observa­
tion of the vulva and the occurrence of estrus was confirmed 
by radioimmunoassay of progesterone. At 9 months (39 weeks 
of age), the experiment was terminated and all of the gilts 
were slaughtered. Their reproductive organs were removed and 
the ovarian and uterine weights and the number of corpora 
lutea recorded for each gilt. 
Surgical procedure 
The olfactory bulbs were removed using the technique of 
Signoret and Mauleon (1962). General anesthesia was induced 
by intravenous injection of sodium thiamylal (0.5 to 0.8 g; 
Surital, Parke-Davis). The animals then were maintained on 
a closed-circuit system of halothane (3 to 6%, Ayerst Labs.) 
and oxygen (500 to 1,000 ml/min). The cranial cavity was 
exposed via the frontal sinus. After removal of the frontal 
bone, parts of it were removed exposing the frontal sinuses 
and frontal poles of the brain (Plate 1). The dura covering 
the frontal poles of the brain then was sectioned to expose 
the olfactory bulbs which were easily visible as prominent 
protruberances at the ventrolateral aspect of the anterior 
cerebrum. The olfactory bulbs were removed by suction and 
the cribiform plate was scraped to ensure that no olfactory 
nerves remained intact (Plate 2). The olfactory fossae then 
Plate 1. Bones of the frontal sinuses being removed to 
expose the olfactory bulbs 
Plate 2. Olfactory fossae after removal of bulbs 
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were filled with gelfoam soaked in thrombin (Parke-Davis). 
The exposed part of the cerebrum was also covered with 
strips of gelfoam. Penicillin and streptomycin then were 
sprinkled on surgical field, the frontal bone trimmed and 
replaced, and the skin flap sutured. 
Post-operative recovery was rapid and required less 
than one week. Cranial skin sutures were removed two weeks 
after surgery. Complete olfactory bulb removal was con­
firmed at slaughter. 
The same surgical procedures were followed for the sham-
operated controls with the exception that the olfactory bulbs 
were exposed but not removed. 
Radioimmunoassay of progesterone 
Serum progesterone levels were determined in blood 
samples from both experiments I and II to confirm the occur­
rence of estrus. Progesterone was extracted with benzene-
hexane (1:2 v/v) by modification of a procedure by Louis 
et al. (1973). An aliquot of 200 jj.1 serum was extracted in 
triplicate, one of which was used for recovery determination. 
Before the addition of serum, each recovery tube received 
100 U.1 of %-progesterone in ethanol (5000 cpm/lOO al) and 
then they were evaporated to dryness. After the addition of 
2 ml benzene-hexane mixture, each sample and recovery tube 
(16 X 100 mm disposable culture tubes) were vortexed at maxi­
mum speed for 30 seconds and frozen on dry ice in acetone-
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ethanol (1:1 v/v) bath. The extracts from the recovery tubes 
were decanted into scintillation vials and evaporated to 
dryness. Ten milliliters toluene-based scintillation cock­
tail were added to each vial and radioactivity was determined 
in a liquid scintillation spectrometer (Packard Instruments). 
The average recovery obtained in an assay was used for all 
samples. Recoveries ranged from 85 to 92% with an average 
of 90%. 
The extracts from the sample tubes were decanted into 
12 X 75 mm culture tubes and evaporated to dryness. The 
serum extracts then were assayed for progesterone by a modi­
fication of the radioimmunoassay procedure described previ­
ously (Anderson et al., 1979b) and utilizing the same fully 
characterized antibody (GDN-337, Niswender, 1973). The 
sensitivity of the assay was defined as the amount of proges­
terone standard which yields 95% of the radioactive counts 
per minute in the buffer control tubes. The average sensi­
tivity was 150 pg/ml. 
The intra-assay variability for progesterone was deter­
mined fron replicates of a plasma pool (n = 4) from luteal-
phase sows. Between-assay variation was determined by assay­
ing samples of the same plasma pool in each of several assays 
(n = 8). The intra-assay and inter-assay coefficients of 
variation were 5.5 and 11%, respectively. 
Precision and accuracy of the assays were evaluated by 
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adding 0.25, 0.5, 2.0, 7.5, 15.0 and 30.0 ng of progesterone 
on a ng/ml basis (n = 4) to plasma from an ovariectomized sow. 
After subtraction of the plasma blank, the progesterone con­
centrations (± S.E.M.) obtained were 0.26 ± 0.02, 0.53 ± 
0.01, 2.3 ± 0.11, 7.53 ± 0.36, 14.22 ± 0.45 and 28.7 ± 0.46 
ng/ml, respectively. 
Statistical analysis of data 
In experiment I, gilts from the same litter were assigned 
to one of four treatments in a completely randomized design. 
Each gilt was considered as an experimental unit receiving one 
of the treatments. Comparisons between treatments were based 
on analysis of group means. A two-way analysis of variance 
and student's t-test for continuous variables (age at puberty 
and weight at puberty) and chi-square test for discrete 
variables (cycling vs noncycling at 8 months) were used to 
compare differences between pairs of treatment groups. In 
experiment II, gilts from the same litter were assigned to 
one of two treatment groups in a randomized design and the 
results were analyzed in the same manner as experiment I. 
Abbreviations 
Abbreviations are designated for gilts reared in isola­
tion and complete darkness (ID) and for those reared in iso­
lation and constant light as (IL). Gilts reared in isolation 
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and normal light are designated as (IN) and those reared 
in a group under normal light as (GN). Abbreviations have 
also been designated for olfactory bulbectomized gilts (OB) 
and sham-operated controls (SC). 
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RESULTS 
Experiment I 
Isolation and photoperiod on growth rate 
The growth rates of groups 1 (ID) and 2 (IL), and groups 
3 (IN) and 4 (GN) are shown in Figures 1 and 2. Growth rates 
were similar in all of the four treatment groups. The aver­
age weekly gains for groups 1, 2, 3 and 4 were 4.8 ± 0.2, 
4.8 ± 0.2, 4.8 ± 0.1 and 4.5 ± 0.2 kg, respectively. Growth 
was most rapid in all the treatment groups between 15 and 25 
weeks of age. After the 25th week, there was a slight de­
cline in the growth rate of gilts in all treatment groups, 
but this decline was most pronounced in the grouped gilts. 
During the last 5 weeks of the experiment (30 to 35 weeks), 
the average weekly gain in body weight of group 4 (GN) gilts 
(3.76 ± 0.17 kg) was less (P<0.05) than that of group 3 (IN) 
gilts (4.74 > 0.11 kg). 
I solation and photoperiod on onset of puberty 
The age and weight at puberty of the individual gilts 
in the four treatment groups are shown in Tables 4 to 7. At 
8 months of age, 6 of 12 gilts (50%) in groups 1, 2 and 3 
exhibited pubertal estrus, whereas 9 of 12 gilts (75%) in 
group 4 began estrous cycles (Table 8). This difference in 
the percentages of gilts exhibiting estrous cycles by 8 
months between group 4 and the other groups was not statis-
I 
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Figure 1. Growth curves for groups 1 and 2; mean and 
S.E.M. 
# Group 1 (isolated - total darkness, n = 12) 
o Group 2 (isolated - constant light, n = 12) 
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Figure 2. Growth curves for groups 3 and 4; mean and S.E.M. 
• Group 3 (isolated - normal daylight, n = 12) 
o Group 4 (grouped - normal daylight, n = 12) 
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Table 4. Age and body weight 
(isolated - dark) 
at puberty of group 1 gilts 
Age at 
puberty 
(days) 
Body weight (kg) 
Gilt no. At puberty At 35 weeks 
Y1700 _a _a 150.5 
Y1690 - - 146.5 
Y1680 - - 166.0 
Y1671 240 128. 8 131.5 
Y2052 220 124.7 137.9 
Y2055 - - 128.4 
Y2082 180 111.6 149.7 
Y2105 193 123.4 145.1 
Y5453 - - 136.1 
Y5464 177 98.4 142.4 
Y5485 235 119.7 135.2 
Y5504 — - 155.1 
no estrus was detected to 35 weeks of age. 
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Table 5. Age and body weight at puberty of group 
(isolated - constant light) 
2 gilts 
Age at 
puberty 
(days) 
Body weight (kg) 
Gilt no. At puberty At 35 weeks 
Y1701 _a _a 136.1 
Y1691 233 133.8 137.9 
Y1682 237 142.9 150.6 
Y1670 - — 147.0 
Y2051 - - 132.4 
Y2062 227 121.1 131.5 
Y2085 223 129.3 141.5 
Y2102 - - 136.1 
Y5455 209 134.7 147.0 
Y5463 - - 161.9 
Y5483 - - 136.1 
Y5503 191 106.1 152.4 
no estrus was detected to 35 weeks of age. 
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Table 6. Age and body weight at puberty of group 
(isolated - normal light) 
3 gilts 
Age at 
puberty 
(days) 
Body weight (kcf) 
Gilt no. At puberty At 35 weeks 
Y5451 217 136.5 155.6 
Y5462 210 113.9 136.1 
Y5484 184 105.2 144.2 
Y5500 222 137.4 146.5 
Y2750 211 112.0 140.6 
Y2798 a a 148.3 
Y2807 233 128.8 136.5 
Y2814 - - 136.1 
Y2753 - - 136.1 
Y2792 - - 131.5 
Y2803 - - 141.5 
Y2810 — - 136.1 
no estrus was detected to 35 weeks of age. 
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Table 7. Age and body weight at puberty of group 4 gilts 
(grouped - normal light) 
Age at 
puberty 
(days) 
Body weiaht (ka) 
Gilt no. At puberty At 35 weeks 
Y1672 _a _a 152.4 
Y1681 - - 140.6 
T1692 221 147.0 164.2 
Y1702 219 141.1 156.4 
Y2053 209 119.7 147.0 
Y2060 211 103.9 121.1 
Y2080 209 121.1 144.7 
Y2100 187 112.5 143.3 
Y5454 184 97.5 122.9 
Y5460 162 75.2 113.4 
Y5480 239 101.2 104.3 
Y5501 - - 108.9 
a 
- »  no estrus was detected to 35 weeks of age. 
I 
Table 8. Average age and body weight at puberty of experimental groups 
Experimental group 
Isolated - dark 
(n = 12) 
Isolated - constant 
light (n = 12) 
Isolated - normal 
light (n = 12) 
Grouped - normal 
light (n = 12) 
Gilt.'s exhibiting 
estrous cycles at 
35 weeks of age 
Number Percentage 
Average age 
at puberty^ 
(days) 
50' 
50' 
50' 
75' 
207.5 ± 11.3' 
220.0 ± 7.0' 
212.8 ± 6.7' 
204.6 ± 7.7' 
Average weight 
at pubertyZ 
(kg) 
117.8 ± 4.5' 
128.0 ± 5.3 
122.3 ± 5.6' 
113.4 ± 7.3' 
^Percentages within column with different superscript are different at 
P<0.05 level of probability. 
2 Mean and S.E.M.j means within column with different superscript are different 
at P<0.05 level of significance. 
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tically significant (P>0.05). 
The average age at puberty of the gilts that began 
estrous cycles by 8 months (Table 8) was not different for 
the treatment groups. The age at puberty for the ID group 
ranged from 177 to 240 days with a mean of 208 ± 11 days. 
The age at puberty for the IL group ranged from 191 to 237 
days with an average of 220 ± 7 days. In the two groups 
reared in normal light (KN and GN), age at puberty ranged 
from 184 to 233 days and 162 to 239 days with averages of 
213 ± 7 and 205 ± 8 days, respectively. The average weights 
at puberty (Table 8) were not different (P>0.05) among the 
treatment groups, and ranged from 113.4 ± 7.3 kg in group 4 
to 128.0 ± 4.3 kg in group 2. 
Isolation and photoperiod on ovarian and uterine weights and 
number of corpora lutea 
The ovarian and uterine weights and the number of corpora 
lutea (CL) in the ovaries of gilts cycling at 8 months (35 
weeks) are shown in Table 9. There were no differences 
(P>0.05) in any of the above parameters among treatment groups. 
The average weights of the ovaries in the noncycling gilts 
in groups 1 to 4 were 2.8 ± 0.2, 3.5 ± 0.4, 2.0 ± 0.3 and 
3.5 ± 0.5 g, respectively. The corresponding mean uterine 
weights were 95.7 ± 8.7, 122.0 ± 28.9, 112.0 ± 23.0 and 
145.0 ± 33.0 g, respectively. The average ovarian and uterine 
weights of the noncycling gilts at 8 months (2.9 ± 0.4 and 
Table 9. Ovarian and uterine weights and number of corpora lutea in ovaries of 
gilts cycling at 35 weeks of age^ 
Experimental group 
Isolated - dark 
(n = 6) 
Isolated - constant 
light (n = 6) 
Isolated - normal 
light (n = 6) 
Grouped - normal 
light (n = 9) 
Ovarian 
weight 
( g )  
8,4 d: 0.4 
8.9 1.3' 
7.5 0.4' 
7.8 d: 0.5' 
Uterine 
weight 
(g) 
567 db 72' 
605 ± 50' 
626 ± 49' 
585 ± 88' 
Number of corpora lutea 
Right ovary Left ovary 
6.7 ± 0.5' 
8.6 ± 1.1' 
7.3 ± 0.6' 
7.8 ± 0.9' 
8.5 ± 0.7' 
6.8 ± 1.0' 
7.8 ± 1.1' 
6.2 ± 1.3 
^Mean and S.E.M.; means within column with different superscript are different 
at P<0.05 level of significance. 
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115 ± 11 g, respectively) were significantly less (P<0.05) 
than those of the cycling gilts (8.1 ± 0.4 and 595 ± 35 g). 
Isolation and photoperiod on serum progesterone 
concentrations 
Progesterone profiles for the treatment groups are pre­
sented in Figures 3 and 4. There were no differences in 
progesterone profiles attributable to any of the treatments. 
Prepubertal progesterone levels ranged between nondetectable 
levels to 0.5 ng/ml. For the gilts that did not cycle, serum 
progesterone concentrations remained at basal levels (0.2 
ng/ml) throughout the experimental period. For the gilts 
that exhibited estrous cycles, progesterone levels reached 
peak levels ranging between 10 and 30 ng/ml during the first 
estrous cycle. Peak levels in all treatment groups occurred 
2 weeks after estrus. 
Experiment 2 
Olfactory bulbectomy on growth rate 
Olfactory bulbectomy did not affect the growth rate of 
gilts from 25 to 39 weeks of age (Figure 5). The average 
weekly gains for the bulbectomized and sham-operated controls 
were 4.8 ± 0.2 and 4.7 ±0.2 kg, respectively. Weekly gains 
in both groups were higher (P<0.05) during the first half of 
the experimental period (25 to 32 weeks) than in the second 
half (33 to 39 weeks). Between 25 and 32 weeks, the average 
Figure 3. Serum progesterone profiles of gilts in groups 1 
and 2 that cycled; mean and S.E.M. 
• Group 1 (isolated - total darkness, n = 6) 
® Group 2 (isolated - constant light, n = 6) 
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Figure 4. Serum progesterone profiles of gilts in groups 3 
and 4 that cycled; mean and S.E.M. 
• Group 3 (isolated - normal daylight, n = 5) 
o Group 4 (grouped - normal daylight, n = 9) 
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Figure 5. Growth curves for bulbectomized and sham-operated 
gilts; mean and S.E.M. 
• Olfactory bulbectomized gilts (n = 12) 
0 Sham-operated controls (n = 10) 
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weekly gains for both groups was 5.4 ± 0.2 kg, but this de­
clined to 4.2 ± 0.2 and 4.1 ± 0.2 kg in the OB and SC groups, 
respectively, during the period between 33 and 39 weeks. 
Olfactory bulbectomv on onset of puberty 
The age and weight at puberty of individual gilts in OB 
and SC groups are shown in Tables 10 and 11. The ages and 
weights at puberty of bulbectomized gilts ranged from 238 to 
265 days and 128.0 to 152.4 kg, respectively. The correspond­
ing ranges for the sham-operated controls were 194 to 254 
days and 104.3 to 142 kg. Table 12 shows the percentages of 
gilts in the OB and SC groups that had exhibited estrous 
cycles by 8 and 9 months. At 8 months of age, only 1 of 12 
(8%) bulbectomized gilts and 4 of 10 (40%) of sham-operated 
controls had cycled. This difference in percentages of gilts 
cycling at 8 months was not statistically significant (P>0.05). 
The percentage of bulbectomized gilts cycling by 9 months 
(33%), however, was significantly less (P<0.05) than sham-
operated controls (80%). The average age and weight of the 
bulbectomized gilts that did cycle (251 ±5.9 days; 142 ± 
5.7 kg) were similar (P>0.05) to those of the sham-operated 
controls (233 ±7.0 days; 121 ±4,0 kg; Table 13). 
Olfactory bulbectomy on ovarian and uterine weights and 
number of corpora lutea 
The mean ovarian and uterine weights and the number of 
corpora lutea in gilts from both treatment groups that were 
63 
Table 10. Age and body weight at puberty of olfactory 
bulbectomized gilts 
Age at Body weight (ka) 
puberty At 9 months 
Gilt no. (days) At puberty (39 weeks) 
Y2790 238 137.0 152.4 
Y2793 _a _a 133.8 
Y2796 255 128.0 157.9 
Y2800 - - 148.3 
Y2802 - - 133.8 
Y2813 265 150.1 153.3 
Y2815 - - 128.8 
Y2817 - - 145.5 
Y2818 - - 126.1 
Y2822 245 152.4 172.4 
Y2824 - - 143.8 
Y2825 - - 137.0 
no estrus was detected to 39 weeks of age. 
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Table 11. Age and body weight at puberty of 
controls 
sham-operated 
Age at 
puberty 
(days) 
Body weight (ka) 
Gilt no. At puberty 
At 9 months 
(39 weeks) 
Y2780 254 117.0 126.1 
Y2794 218 104.3 142.4 
Y2795 218 118.8 146.5 
Y2801 254 142.0 149.7 
Y2806 231 127.0 146.5 
Y2811 252 125.6 139.3 
Y2812 246 127.0 151.5 
Y2820 _a a 117.0 
Y2821 - - 144.2 
Y2823 194 104.3 152.2 
no estrus was detected to 39 weeks of age. 
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Table 12. Percentages of olfactory bulbectomized gilts and 
sham-operated controls cycling at 8 and 9 months 
of age 
Number of gilts 
cycling 
Experimental 
group 
At 8 
months 
At 9 
months 
Percentage of gilts 
cycling 
At 8 
months 
At 9 
months 
Olfactory 1 4 8.3^ 33.3^ 
bulbectomy 
(n = 12) 
Sham-operated 4 8 40^ 80^ 
controls 
(n = 10) 
^Percentages within column with different superscript 
are different at P<0.05 level of probability. 
Table 13. Average age and body weight at puberty of bulbec­
tomized and sham-operated gilts cycling at 9 
months of age 
Experimental 
group 
Average age 
at puberty 
(days) 
Average body 
weight at 
puberty (kg) 
Olfactory 
bulbectomy 
(n = 4) 
250.8 ± 5.9' 141.9 ± 5.7' 
Sham-operated 
controls 
(n = 8) 
233.4 ± 7.0= 120.8 ± 4.0' 
^ean and S.E.M. ; means within column with different 
superscript are different at P<0.05 level of significance. 
i 
! 
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cycling at the time of slaughter (39 weeks) are shown in 
Table 14. There were no differences (P>0.05) in either 
ovarian or uterine weights attributable to olfactory bulbec-
tomy. Bulbectomy also did not affect the ovulation rate 
(as determined by the number of corpora lutea) in the four 
bulbectomized gilts exhibiting estrous cycles. The average 
ovarian and uterine weights of the bulbectomized gilts that 
did not cycle were 3.1 ± 0.3 g and 120.5 ± 21.4 g, respec­
tively. The two sham-operated controls that did not cycle 
had ovarian weights of 3.1 and 3.5 g and uterine weights of 
71.3 g and 134.5 g. 
No olfactory tissue was found in a macroscopic examina­
tion of the brains removed from o1factory-buIbectomized 
animals at slaughter. 
Olfactory bulbectomy on serum progesterone concentration 
Progesterone profiles of the gilts that cycled were 
similar for both treatment groups (Figure 5). Prepubertal 
serum progesterone concentration averaged 0.2 ng/ml. In 
gilts that cycled, peak progesterone levels between 20 and 25 
ng/ml were attained two weeks after estrus. The progesterone 
profiles of OB and SC gilts were similar to those obtained 
for the treatment groups in experiment 1, and were indicative 
of normal estrous cycles. 
Table 14. Ovarian and uterine weights and number of corpora lutea in ovaries of 
bulbectomized and sham-operated gilts cycling at 9 months^ 
weight* weight^ , Number of corpora lutea 
Experimental group (g) (g) Right ovary Left ovary 
Olfactory bulbectomy 6.9 ± 1.7^ 555 ± 30^ 8.3 ± 1.5^ 8.5 ± 0.5^ 
(n = 4) 
Sham-operated controls 7.5 ± 0.4^ 736 ± 61^ 7.4 ± 1.0^ 7.1 ± 0.9^ 
( n = 8) 
^ean and S.E.M,; means within column with different superscript are differ­
ent at P<0.05 level of significance. 
Figure 6. Serum progesterone profiles of bulbectomized 
and sham-operated gilts that cycled; mean and 
S.E.M. 
# Olfactory bulbectomized gilts (n = 4) 
® Sham-operated controls (n = 8) 
SERUM PROGESTERONE CONCENTRATION (ng/ml) 
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DISCUSSION 
The ages at puberty of gilts in Experiment I that ex­
hibited estrous cycles by 8 months ranged from 162 to 240 
days. This range falls "within that reported by several in­
vestigators for Yorkshire gilts (Dyck, 1971; Hacker et al., 
1974; Ntunde et al., 1979). There were no significant dif­
ferences among different treatment groups with regard to 
either the percentages of gilts cycling by 8 months, or the 
average age at puberty. All the three isolated groups under 
different photoperiod had 50% of gilts cycling by 8 months. 
These results agree with those of Wise et al. (1980) who 
reported that the age at puberty in gilts did not differ 
between those reared in 16 h light-8 h dark and those in 8 h 
light-16 h dark. The results also agree with those of Diek-
man and Hoagland (1981) who reported that a 7 h supplemental 
lighting regimen from February to July did not hasten onset 
of puberty in gilts. Both groups of investigators further 
reported that even though photoperiod did not affect the onset 
of puberty, when gilts from the different photoperiods were 
exposed to a boar, they attained puberty earlier than those 
not exposed to a boar. These findings suggest that in gilts, 
exposure to a boar is more effective in advancing puberty 
than exposure to longer or shorter photoperiods. 
The results from the present study show that rearing 
gilts in total darkness has no effect on the time of puberty. 
I 
! 
i 
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This is in contrast to the findings of Dufour and Bernard 
(1968) who reported that gilts reared in total darkness ex­
hibited estrus sooner than those in normal daylight. The 
results also do not agree with those of Hacker et al. (1974) 
and Ntunde et al. (1979) who found that total darkness de­
layed puberty in gilts. 
Even though there were no statistically significant dif­
ferences among the isolated groups and the group-reared gilts 
with regard to age at puberty and the percentage of gilts 
cycling by 8 months, the grouped-reared gilts had the highest 
percentage of animals cycling at 8 months (75% compared to 
50% for the isolated groups) and the lowest average age at 
puberty (205 days compared to 208, 220 and 2l3 days for groups 
ID, IL, and IN, respectively). Thus, it seems that puberty 
may occur earlier in gilts reared in groups as compared to 
those reared in isolation. 
The body weights at puberty for Experiment I animals 
ranged from 75.2 kg to 147 kg. This range falls within the 
55 to 184 kg reported by Ntunde et al. (1979) for Yorkshire 
gilts reared under various photoperiodic regimens. No dif­
ferences were observed in the average weight at puberty be­
tween treatment groups. This was not unexpected since all 
groups had similar growth rates and similar average ages at 
puberty. These results support the findings of Surmuhin and 
Ceremnyh (1971) and Surmuhin et al. (1971) who found no 
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effect of light exposure on weights at puberty of Large 
Russian-White gilts. The results, however, do not agree with 
those of Ntunde et al. (1979) who reported heavier weights 
at puberty for gilts reared in complete darkness. In the 
studies by Ntunde and his associates, it seems that gilts 
reared in complete darkness were found to have similar growth 
rates but attained puberty later than those in 18 h light and 
natural winter photoperiod. The advantage of group-rearing 
over isolation again becomes evident when the average weights 
at puberty of the four groups are compared. The grouped-
reared gilts had the lowest (though statistically not dif­
ferent) average weight at puberty (113.4 kg compared to 117, 
128 and 122 kg for groups 1, 2 and 3, respectively. 
The progesterone profiles in peripheral blood of the 
gilts that cycled in all the four treatment groups were 
indicative of normal estrous cycles. Prepubertal serum 
progesterone concentrations remained at basal levels of less 
than 0.5 ng/ml until the first estrous cycle, when proges­
terone levels rose to peak values ranging between 10 and 30 
ng/ml. Peak levels of progesterone occurred two weeks after 
estrus and thereafter declined until the next estrous cycle. 
Measurements of LH concentrations in gilts subjected to varied 
photoperiods have also failed to establish any effect of 
photoperiod on plasma LH concentrations (Ntunde et al., 1979; 
Diekman and Hoagland, 1981), suggesting that photoperiod has 
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no effect on hormonal profiles and estrous cycles in gilts. 
Some studies in seasonally breeding sheep (Ortavant, 1977), 
on the other hand, have shown that photoperiod is related to 
LH concentrations, gonadal growth and development in imma­
ture animals. 
Surmuhin et al. (1971) have reported that gilts raised 
from 3.5 to 9 months of age in longer periods of light 
develop heavier uterine and ovarian weights and have greater 
follicular volume. These findings were not confirmed in the 
present study, since the average ovarian and uterine weights 
of gilts reared in total darkness were similar to those reared 
in constant light and normal daylight. Neither photoperiod 
nor isolation also appeared to affect ovulation rate as in­
dicated by the similar number of corpora lutea observed for 
all groups. 
The results obtained in Experiment 2 demonstrate that 
olfactory bulbectomy delays puberty in gilts. At 6 months of 
age, only 1 of 12 (8%) bulbectomized gilts and 4 of 10 (40%) 
sham-operated controls had exhibited estrous cycles. Even 
though this difference in the percentages of gilts cycling 
was not statistically significant (P>0.05) because of the 
small number of animals, the effect of the olfactory bulbec­
tomy became apparent by the 9th month when the percentage of 
olfactory bulbectomized gilts cycling (33%) was found to be 
significantly less (P<0.05) than that of the sham controls 
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(80%). Some studies in female rats have also related bul-
bectomy to delayed puberty (Kling, 1964; Orbach and Kling, 
1966; Sato et al., 1974). 
The advancement of puberty in gilts by exposure to boars 
has been demonstrated by several investigators (Brooks and 
Cole, 1970; Kirkwood and Hughes, 1979; Wise et al., 1980; 
Diekman and Hoagland, 1981). It has also been shown that 
the main stimulus involved in the boar effect is olfactory 
in nature since olfactory bulbectomized gilts exposed to boars 
attain puberty at a later age than sham-operated gilts exposed 
to a boar (Kirkwood et al., 1981). In the present study, none 
of the gilts were exposed to a boar and yet only 33% of the 
olfactory bulbectomized gilts had exhibited estrus by 9 months 
compared to 80% of the sham-operated controls. This suggests 
that, apart from the boar effect, other olfactory inputs are 
essential for the onset of puberty and that removal of the 
olfactory bulbs per se affects the timing of puberty. 
The mechanisms by which olfactory bulbectomy affects 
reproductive functions are not clear. Multiple neural path­
ways from the olfactory bulbs to the amygdala and the hypo­
thalamus have been described by various investigators using 
axon degeneration and electrophysiological techniques 
(Barraclough and Cross, 1963; Powell et al., 1965; Scott and 
Pfaffmann, 1967; Winans and Scalia, 1970). Studies in female 
rats (Sato et al., 1974) have shown that the early phasic 
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fluctuations in LH content of the pituitary that are normally 
present in prepubertal rats is absent in bulbectomized animals. 
Olfactory bulbectomy in gilts also has been shown histo-
chemically to cause an accumulation of secretory granules in 
the hypophysis (Signoret and Mauleon, 1962). On the basis 
of these reports and the results of the present study, it 
seems that loss of olfactory inputs at an early age may af­
fect the rate of maturation of the hypothalamic neurosecre­
tory cells involved with the production or release of 
gonadotropic-releasing factors and thus cause a delay in the 
attainment of sexual maturity. 
That no olfactory tissue was found in a macroscopic 
examination of the brains recovered from the olfactory bul­
bectomized animals on post mortem examination and yet four 
bulbectomized gilts showed estrous cycles suggests that ol­
factory bulbectomy during prepubertal development, as in the 
case of rats, results only m a delay in sexual maturation 
and not in any permanent loss of gonadal functions. This is 
in marked contrast to the findings of Signoret and Mauleon 
(1962) who reported that olfactory bulbectomy in sexually 
mature gilts results in permanent anestrus. The results in 
the present study, however, support more recent evidence 
which indicates that prepubertal olfactory bulbectomy in gilts 
is followed by normal estrous cycles and reproductive per­
formance (Meese and Baldwin, 1975; Kirkwood et al., 1981). 
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As suggested by Kirkwood and his associates (1981), the 
anestrous condition observed by Signoret and Mauleon (1962) 
in olfactory bulbectomized sows may be due to the accidental 
disruption of adjacent neural structures during the removal 
of the olfactory bulbs. 
It has been reported in mice that prepubertal olfactory 
bulbectomy is followed by irregular estrous cycles (Lamond, 
1958; Vandenbergh, 1973). Similar irregular cycles charac­
terized by prolonged diestrous phases have been observed in 
prepubertally bulbectomized rats. These irregular cycles, 
however, have been observed to be transient, being confined 
to the first 4 to 5 cycles (Larsson, 1977). In the present 
study, the olfactory bulbectomized gilts that cycled had 
peripheral serum progesterone profiles indicative of normal 
estrous cycles. None of them showed any early irregular 
cycles. It has also been reported that olfactory bulbectomy 
in adult mice results in a reduction of ovarian and uterine 
weights (Whitten, 1956). In the present study, bulbectomy 
did not affect either ovarian or uterine weights, or the 
number of corpora lutea. 
The importance of olfaction in mammalian aggressive 
behavior has been demonstrated in several species, particular­
ly rodents (Murphy and Schneider, 1970; Rowe and Edwards, 
1971). In the present study, no reduction in aggressiveness 
in the bulbectomized gilts was observed at feeding, and during 
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weighing and blood collection. Olfactory bulbectomy also 
did not prevent the formation of dominance relationships. 
The growth of gilts was linear in the different photo­
periodic treatment groups from the initial average of 22 kg 
at 10 weeks of age to 141 kg at 35 weeks. There were no 
differences in growth patterns of these gilts among differ­
ent photoperiod treatments. Growth in all groups was most 
rapid during the first half of the experimental period, and 
then declined as the gilts approached sexual maturity. This 
decline in growth rate, however, was most pronounced in group 
4 (GN) gilts. Gilts in this group were reared in groups of 
four and, therefore, had more exercise, through physical 
contact with others, compared to gilts in the other groups 
which were reared in isolation. Even though group rearing 
had no effect on growth rate during the period of rapid 
growth, it slowed growth considerably during later stages of 
the experiment when the animals approached puberty. 
The average daily gain for the four treatment groups in 
Experiment I was 0.69 kg. This is similar to gains of 0.74 
and 0.70 kg per day obtained by Hacker et al. (1974) for gilts 
reared in 12 h light;12 h dark and complete darkness, re­
spectively. It also agrees with the findings of Ntunde et 
al, (1979) who reported average daily gains ranging from 0.71 
to 0.78 kg for Yorkshire gilts reared in complete darkness, 
18 h light or natural winter daylength. In the present study. 
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no differences were found in average daily gain between the 
photoperiod groups, and this agrees with the results of other 
investigators (Braude et al., 1958; Dufour and Bernard, 1968; 
Benkov, 1974; Ntunde et al., 1979) who reported no differ­
ences in average daily gain and (or) feed efficiency in gilts 
due to photoperiod. Studies by Adam and Barna (1978), how­
ever, indicated that, while there were no differences in 
daily gains between fattening pigs kept in constant light and 
those kept in 21 h of darkness daily, feed conversion effi­
ciency increased 4.5% in the group reared in constant light. 
In the present study, each gilt received the same amount of 
feed twice daily and, since the daily average gains were 
similar among the photoperiod groups, it is reasonable to 
assume that feed efficiency was the same for all photo­
period groups. 
There is a dearth of published work regarding the effect 
of olfactory bulbectomy on growth rate. Sato et al. (1974) 
found no difference in the pattern of growth between rats 
bulbectomized at 5 days of age and intact controls. They 
did, however, report that the mean body weight of intact 
controls was greater than that of bulbectomized rats after 
day 21. Studies by Kirkwood et al. (1981) also shewed that 
there were no differences in growth rates between gilts whose 
olfactory bulbs were removed at 5 to 7 weeks of age and sham-
operated and intact controls up to 200 days of age. In the 
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present study, no differences were found between olfactory 
bulbectomized gilts and sham-operated controls with regard 
to either mean body weights or growth patterns. These 
findings agree with those of Kirkwood and his colleagues. 
Growth in both groups was linear from the initial average 
weight of 76 kg at 25 weeks to 143 kg at 39 weeks. The 
growth curves for both groups were similar to groups in 
Experiment I. During the first half of the experimental 
period, the average daily gains of both groups was 0.77 kg 
but this declined to 0.60 and 0.59 kg for the bulbectomized 
and sham-operated controls, respectively, during the second 
half of the experimental period (32 to 39 weeks). The aver­
age daily gains for the entire experimental period (0.69 kg 
for OB and 0.67 kg for SC) were the same as those for the 
photoperiod groups, even though the OB and SC gilts were fed 
ad libitum while the photoperiod groups were fed twice daily. 
The average daily gains obtained in both experiments were 
slightly greater than the 0.60 kg reported by Friend (1976) 
for Yorkshire gilts fed a restricted corn-soybean diet, but 
lower than the 0.95 kg also reported by Friend for gilts fed 
corn-soybean diet ^  libitum. 
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SUMMARY AND CONCLUSIONS 
The effects of isolation, total darkness and constant 
light on body growth and onset of puberty were investigated 
in Yorkshire gilts from 3 to 8 months of age. Forty-eight 
gilts were assigned randomly to one of four treatments as 
follows: (1) isolation and total darkness, (2) isolation 
with 24 h light, (3) isolation with normal summer daylength, 
and (4) grouped with normal summer daylength. The effects 
of olfactory bulbectomy on growth rate and puberty also were 
studied in Yorkshire gilts from 4 to 9 months of age. Twenty-
four gilts were assigned randomly to one of two treatments, 
namely olfactory bulbectomy and sham-operated controls. All 
gilts were weighed and a blood sample collected once a week. 
Commencing at 5 months of age, each gilt was checked daily 
for signs of estrus by visual observations of the vulva and 
the occurrence of estrus was confirmed by radioimmunoassay 
of progesterone. 
The average weekly gains were similar for all treatment 
groups in both experiments and ranged between 4.5 to 4.8 kg. 
Growth in all groups was most rapid during the first half of 
the experimental period and declined as the animals approached 
puberty. This decline in growth rate was most pronounced in 
the group-reared gilts. 
The percentages of gilts in groups 1 to 4 exhibiting 
estrus by 8 months were 50, 50, 50 and 75, respectively. The 
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corresponding average ages at puberty for the four groups 
were 207.5 ± 11.3, 220.0 ± 7.0, 212.8 ± 6.7 and 204.6 ± 7.7 
days. These percentages and average ages at puberty, however, 
were not statistically different. The percentage of olfac­
tory bulbectomized gilts cycling at 9 months (33) was sig­
nificantly less (P<0.05) than sham-operated controls (80). 
The average age at puberty of the bulbectomized gilts that 
did exhibit estrous cycles, however, was not statistically 
different from sham-operated controls. 
There were no significant differences in serum proges­
terone profiles attributable to any of the treatments. Pro­
gesterone concentrations in peripheral serum ranged from non-
detectable to 0.5 ng/ml with an average of 0.2 ng/ml. After 
pubertal estrus, progesterone concentrations increased to 
peak levels ranging between 10.to 30 ng/ml. Peak serum pro­
gesterone levels occurred by 2 weeks after estrus, and 
thereafter declined until the next estrus. At slaughter, 
no significant differences were found among treatment groups 
with regard to ovarian and uterine weights, and the number 
of corpora lutea. 
These results indicate that isolation, total darkness or 
constant light does not influence significantly growth rate 
or time of onset of puberty when compared to gilts reared in 
groups under summer daylength. Prepubertal olfactory bulbec-
tomy, however, results in a significant delay of sexual matura­
tion in gilts, but not in permanent loss of gonadal functions. 
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PART II. THE EFFECTS OF PULSATILE INî'USION OF LHRH ON LH 
SECRETION AND OVARIAN FUNCTION IN HYPOPHYSIAL 
STALK-TRANSECTED BEEF HEIFERS 
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INTRODUCTION 
An elucidation of the roles of brain hormones in regu­
lating secretion of hormones by the pituitary gland is essen­
tial to understanding endocrine control of estrous cycles and 
pregnancy in cattle. The hypothalamus secretes several 
short-chain peptide hormones that affect the secretion of the 
hormones by the anterior pituitary gland. The hypothalamus, 
which is located at the base of the brain, is connected to 
the pituitary gland by an anatomical stalk. A portal system 
of blood vessels between the median eminence of the hypo­
thalamus and the adenohypophysis (anterior pituitary gland) 
provides a pathway for the hypothalamic regulation of 
pituitary function (Green and Harris, 1947). Transection of 
this hypothalamus-hypophysial stalk is, therefore, an effec­
tive means of eliminating the influence of hypothalamic hor­
mones on the anterior pituitary gland. 
Previous investigations from our laboratory have shown 
that both ovarian progesterone secretion and pregnancy are 
maintained to a normal duration after hypophysial stalk 
transection in beef heifers at midgestation, although lu­
teinizing hormone (LH) concentrations in peripheral blood 
remain consistently lower than those in sham controls (Ander­
son et al., 1979a). Ovarian follicles regress soon after 
stalk transection and heifers do not exhibit estrus or 
ovulate during a prolonged postpartum period. Our studies in 
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beef calves have indicated that hypophysial stalk transection 
in prepubertal calves causes a marked reduction in growth 
hormone (GH) secretion and inhibits growth, thus suggesting 
the possibility of the presence of a GH-releasing factor in 
the hypothalamus (Anderson et al., 1981a). Prolactin concen­
trations in peripheral serum of these calves also decrease 
abruptly and remain low for a prolonged period. Thyroid-
stimulating hormone remains unaltered after stalk transec­
tion, though both serum triiodothyronine (T^) and thyroxine 
(T^) decline (Anderson et al., 1980). 
Experimental evidence in a variety of species indicates 
that LH is secreted in a pulsatile pattern. In ovariectomized 
ewes and cows, peripheral blood concentrations of LH fluctuate 
in a pulsatile pattern with periodicities of approximately 
1 h (Rahe et al., 1978; Butler et al., 1972). Studies in our 
laboratory indicate that this pulsatile pattern of LH re­
lease also is present in prepubertal calves, although peak 
LH levels are markedly lower than those found in adults. 
After hypophysial stalk transection, a complete inhibition 
of the episodic LH secretion occurs and peripheral LH remains 
at basal concentrations (<280 pg/ml) (Anderson et al., 1981b). 
These results suggest that the episodic LH release is under 
the influence of a hypothalamic LH-releasing hormone (LHRH). 
Measurements of LHRH in the hypophysial portal blood of rats 
and rhesus monkeys have, indeed, shown that LHRH also is 
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released in a pulsatile pattern similar to LH (Sarkar et al., 
1975; Carmel et al., 1976; Neill et al., 1977). 
If pulsatile LHRH release from the hypothalamus is 
responsible for the episodic pattern of LH release, then it 
should be possible to induce ovarian follicular activity in 
prepubertal animals and in adults with hypothalamic lesions 
or stalk transection, where endogenous LH is inadequate to 
support ovulatory cycles, by pulsatile infusions of LHRH. 
Using a pulsatile LHRH infusion regimen (1 fxg LHRH per min 
for 6 min each hour), it has been possible to initiate 
menstrual cycles in prepubertal rhesus monkeys (11-15 months 
old) and also reestablish normal menstrual cycles in adult 
rhesus monkeys whose endogenous production of LHRH had been 
abolished by hypothalamic lesions (Wildt et al., 1980; Knobil 
et al., 1980). Carpenter and Anderson (1981) showed that 
pulsatile infusion of LHRH (5 ag LHRH each 1.5 hour) in pre­
pubertal gilts during 12 consecutive days caused LH spikes 
and induced ovulation in one of four gilts. Since our pre­
vious experimental results have shown that ovarian follicles 
regress soon after hypophysial stalk transection in prepuber­
tal calves and sexually mature heifers, presumably as a re­
sult of inadequate endogenous gonadotropin secretion, the 
objective of this experiment is to determine whether a simu­
lation of hypothalamic function by pulsatile LHRH infusion, 
in hypophysial stalk-transected beef heifers, would induce 
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adequate gonadotropic secretion by the pituitary and lead 
to initiation of ovulatory cycles. 
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LITERATURE REVIEW 
The secretion of gonadotropins from the anterior pitui­
tary gland seems to be under the influence of two main fac­
tors, namely; (a) releasing hormones from the hypothalamus 
and (b) gonadal steroids. 
The presence of hypothalamic factors regulating anterior 
pituitary functions was proposed by Green and Harris in 1947, 
and the existence of a portal system of blood vessels between 
the median eminence of the hypothalamus and the adenohypo-
physis was thought to provide the essential pathway for the 
regulation of pituitary hormone secretion by the hypothalamus 
(Green and Harris, 1947). This concept of the presence of 
neurosecretory factors in the hypothalamus which regulate 
anterior pituitary secretion was first demonstrated by the 
discovery of a corticotropin-releasing factor (Saffran and 
Schally, 1955). Subsequently, the existence of other hypo­
thalamic regulators was discovered. The existence of a 
luteinizing hormone-releasing factor (LH-RF) in rat was first 
demonstrated by McCann et al. (1960) and bovine LH-RF was 
isolated by Schally and Bowers in 1964. Further work with 
LH-RF revealed that it was a decapeptide with the following 
amino acid sequence: pGlu - His - Trp - Ser - Tyr - Gly -
Leu - Arg - Pro - Gly - NH2 (Baba et al., 1971; Matsuo et al., 
1971; Schally et al., 1971a,c). Experimental evidence in 
rats, rhesus monkeys and other species has indicated that 
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this decapeptide, referred to as luteinizing hormone -
releasing hormone (LHRH), regulates the secretion of not only 
luteinizing hormone (LH) but also follicle-stimulating hor­
mone (FSH) from the anterior pituitary gland (Schally et al., 
1971b, 1979; Kaltenbach et al., 1974; Nakai et al., 1978; 
Knobil et al., 1980; Wildt et al., 1980). Luteinizing hor­
mone releasing-hormone is, therefore, also referred to as 
follicle-stimulating hormone-releasing hormone (FSH-RH) or 
gonadotropin releasing hormone (GnKH). Mapping studies have 
revealed that about 80% of LHRH is located in the median 
eminence and arcuate nucleus of the ventromedial hypothalamus 
with less activity present in the preoptic area (McCann, 1962; 
Palkovits, 1973; Krulich et al., 1977). 
Pulsatile Secretion of LH and LHRH 
Experimental evidence in the rat, rhesus monkey and 
domestic animal species, indicates that LH is released from 
the pituitary gland in a pulsatile pattern after removal of 
the gonads. Evidence for a periodic LH release in the rat 
was reported by Gay and Sheth (1972). Their results indi­
cated that LH was released in castrated males and females at 
regular intervals ranging from 20 to 40 minutes, and that the 
periodicity was fairly constant for individual rats. This 
pulsatile LH secretion in rats has been confirmed by other 
investigators (Soper and Weick, 1977; Gallo, 1980) and shown 
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to occur not only in the morning and afternoon but also 
during the hours of darkness. Furthermore, the frequency of 
LH pulses during the different periods of the day has been 
found to be the same (Blake, 1974; Soper and Weick, 1977). 
Similar episodic LH releases have been recorded for ovariec-
tomized ewes, sows and cows in which LH pulses occur at 
approximately one-hour intervals (Butler et al., 1972; Rahe 
et al., 1978; Berardinelli et al., 1981). Rahe and his 
associates (1978) showed that the frequency of LH pulses in 
cattle was dependent upon the stage of the cycle and related 
to ovarian steroid secretion. During the early luteal phase 
of the cycle when progesterone levels are low, LH pulses of 
low amplitude (2-3 ng/ml) occur frequently. In the midluteal 
phase, when peripheral plasma levels of progesterone are 
elevated, the LH pulses are of high amplitude (2-7 ng/ml) but 
occur at a low frequency. In estrous cows, peripheral blood 
levels of estrogen are maximal and LH continues to be re­
leased in a pulsatile manner during the LH preovulatory surge 
of more than 25 ng/ml. This phenomenon of rhythmic pulsatile 
discharges of LH has also been demonstrated in prepubertal 
calves (Anderson et al., 1981b). In prepubertal calves, the 
patterns of episodic release of LH are less rhythmic but with 
a higher amplitude than those of mature dairy cows during the 
early or midluteal phase of the estrous cycle. Peak LH 
levels in prepubertal beef calves, however, are markedly lower 
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than those found in estrous dairy cows (Anderson et al., 
1981b). 
The pulsatile releases of LH that occur in castrated 
animals indicate that LH is released at periodic intervals 
which alternate with periods of little or no LH release. 
This observation led to the concept that the hypothalamic 
factor regulating pituitary synthesis and release of LH might 
also show similar periodicities. The development of a radio­
immunoassay for LHRH (Nett et al., 1973) has made it possible 
to measure LHRH concentration in peripheral blood. Using 
this radioimmunoassay technique, Crighton et al., (1973) and 
Nett et al., (1974) have determined endogenous serum LHRH in 
the ewe. Nett et al. (1974) found that LHRH release occurred 
in both the cycling and ovariectomized ewes in an oscillating 
pattern with peak serum levels of 15-minute intervals. 
Peripheral plasma levels of LHRH are low and have a 
half life of 4 to 7 min (Redding and Schally, 1973; Nett 
et al., 1973). The development of a technique for collecting 
hypophysial portal blood in rats (Porter and Smith, 1967) 
and in the rhesus monkey (Zimmerman et al., 1973), coupled 
with the use of anesthetics that do not interfere with re­
lease of LHRH into the hypophysial portal blood, has made it 
possible to measure LHRH in portal blood. Using these tech­
niques, Carmel et al. (1976) demonstrated the occurrence of 
fluctuations in portal blood LHRH in ovariectomized monkeys. 
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They reported peak levels of 200-800 pg/ml LHRH with inter­
vals of 1-3 hours between spikes of the peptide. The LHRH 
levels in hypophysial stalk portal blood of monkeys during 
the follicular phase also showed periodic oscillations but 
the peaks were of smaller magnitudes than those of ovariec-
tomized animals. Neill and his colleagues (1977) also mea­
sured LHRH in hypophysial stalk blood of ovariectomized 
rhesus monkeys and of intact monkeys in either midfollicular 
phase of the menstrual cycle or undergoing preovulatory-like 
LH surge induced by estradiol benzoate treatment. They re­
ported LHRH levels of 100-226 pg/ml LHRH for the ovariec­
tomized monkeys and intact animals undergoing preovulatory 
LH surge. These levels were greater than the 23 pg/ml re­
corded for the follicular-phase monkeys. Furthermore, they 
found correlation coefficients of 0.66 for peripheral LH 
levels and stalk plasma LHRH when all animals were considered 
and 0.79 when only the follicular phase and preovulatory 
animals were considered. Measurements of LHRH in pituitary 
stalk plasma of rats also have shown that LHRH is secreted 
in a circhoral pattern similar to that of LH (Sarkar and Fink, 
1979; Sherwood and Fink, 1980). Results from these studies 
indicate that, even though LHRH can be synthesized and re­
leased in adrenalectomized and ovariectomized rats, one long-
term function of the ovarian-adrenal steroids is to moderate 
LHRH release. 
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LHRH Control of Pulsatile LH Release 
In vitro and in vivo studies in several species have 
demonstrated conclusively that the mechanism controlling epi­
sodic LH release is located in the brain. In vitro studies 
with pituitaries from ovariectomized rats have shown that a 
nonepisodic pattern of LH release is obtained during short-
term one-hour perfusions with constant levels of LHRH, whereas 
pulsatile LH release results after pulsatile administration 
of the LH-releasing hormone (Osland et al., 1975). In vivo 
studies using hypophysial stalk-transected rats to minimize 
endogenous hypothalamic LHRH stimulation of the pituitary 
gland, showed that subcutaneous injections of LHRH caused a 
simultaneous increase in peripheral serum concentrations of 
FSH and LH (Greeley et al., 1974). 
In young ovariectomized rats, episodic LH release from 
the pituitary gland seems to depend upon norepinephrine-
mediated pulsatile release of LHRH from the hypothalamus. 
For example, the a-adrenergic blocking agents, phenoxy-
benzamine and phentolamine, inhibit pulsatile LH release 
(Gnodde and Schuiling, 1976; Weick, 1978). Studies in 
monkeys by Bhattacharya et al. (1972) also indicated that a 
variety of a-adrenergic antagonists, but not $-receptor 
antagonists, promptly interrupted the pulsatile LH discharge 
in ovariectomized monkeys. 
93 
In the monkey, the hypothalamo-pituitary unit seems to 
regulate circhoral LH release without afferent inputs from 
the higher centers of the brain, since complete neural 
disconnection of the medial basal hypothalamus (MBH) does 
not block this mode of secretion (Krey et al., 1975). Pre­
vious experimental evidence indicated that episodic LH re­
lease persisted after complete deafferentation of the MBH 
in some ovariectomized rats (Blake and Sawyer, 1974), sug­
gesting that the rat, like the monkey,.did not require inputs 
to the MBH for episodic LH release. Later evidence has 
shown, however, that in most ovariectomized young rats, 
afferent inputs to the MBH are required to sustain episodic 
LH secretion (Arendash and Gallo, 1978). In ovariectomized 
ewes, anterior cuts at the rostral border of the arcuate 
nucleus inhibit pulsatile LH secretion, whereas cuts between 
the arcuate and suprachiasmatic nuclei have no effect 
(Jackson et al. , 1978). 
In an attempt to assess the significance of endogenous 
LHRH in the control of LH secretion, passive as well as 
active immunization techniques have been employed to block 
the action of LHRH by chelation of the peptide with anti­
bodies. When LHRH-antiserum is injected into female rats 
on the morning of proestrus, the preovulatory LH surge during 
the afternoon is prevented (Eskay et al., 1977). Passive 
immunization of long-term ovariectomized rats against LHRH 
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leads to a reduction in the serum concentration of both LH 
and FSH (Koch et al., 1973). A cause and effect relation­
ship between LHRH secretion by the hypothalamus and LH re­
lease in the rat was established by Eskay and his associates 
(1977). These investigators reported that electro-chemical 
stimulation of the preoptic area of the brain of proestrous 
rats not only released LH but also released LHRH into the 
hypophysial portal blood. However, when LHRH-antiserum was 
injected intravenously before stimulation of the preoptic 
area, the release of LH was prevented. In ovariectomized 
rhesus monkeys, a single intravenous injection of rabbit 
antiserum to synthetic LHRH promptly suppresses serum LH and 
FSH levels (McCormack et al., 1977). 
The administration of natural LHRH or synthetic LHRH 
in several laboratory and domestic animal species induces 
LH and FSH release, follicular growth and, in some cases, 
ovulation (Schally st al., 19795 Pelletier, 1976). Schally 
et al. (1957) showed that purified LHRH releases LH jji vivo 
in both male and female rats. In vivo studies with hypo­
physial stalk-transected rats to minimize endogenous hypo­
thalamic LHRH stimulation of the pituitary indicated that 
subcutaneous injections of LHRH cause a simultaneous increase 
in serum FSH and LH (Greeley et al., 1974). Similar studies 
by Schuiling and Gnodde (1976) with rats, in which endogenous 
LH secretion had been blocked with phénobarbital, showed 
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that short-term constant infusion of LHRH resulted in a 
steady increase in blood LH levels, whereas pulses of LH 
occurred only when LHRH was given as a pulsatile signal. 
Studies in intact rats have also shown that prolonged con­
tinuous exposure of the pituitary gland to LHRH initially 
increases LH release, yet within a few hours, LH secretion 
begins to decline despite the continued presence of the LH-
releasing hormone (Blake, 1976; Schuiling et al., 1976; 
de Koning et al., 1978). This refractoriness of the pitui­
tary gland to continuous LHRH administration also has been 
demonstrated in the rhesus monkey. In monkeys in which 
endogenous production of LHRH had been abolished by radio-
frequency lesions in the arcuate region of the MBH, constant 
infusion of exogenous LHRH transiently elevates blood LH 
levels, but within 2 to 3 days, constant infusion not only 
fails to restore sustained LH secretion but results in lesion-
induced low baseline LH levels (Plant et al., 1978). However, 
when LHRH is administered in a circhoral manner, elevated LH 
values are maintained for more than 10 days (Belchetz et al., 
1978). Ferin et al. (1978) reported that continuous 48-h 
infusion of LHRH in intact female monkeys initially causes an 
increase in LH secretion, but that this secretion declines 4 
to 28 h after the beginning of LHRH infusion at various stages 
of the menstrual cycle. These studies in monkeys and rats 
clearly demonstrate the physiological importance of pituitary 
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dynamics of the pulsatile nature of LHRH release. By virtue 
of this periodic input signal, refractoriness of the pitui­
tary gland to LHRH stimulation is prevented. 
The pulsatile nature of LHRH secretion has been used in 
infusion experiments to restore ovulatory cycles in animals 
with hypothalamic lesions and to initiate ovulatory cycles 
in prepubertal animals. By using monkeys with hypothalamic 
lesions that eliminated endogenous LHRH production, Knobil 
et al. (1980) demonstrated that normal ovulatory menstrual 
cycles could be reestablished by a long-term replacement 
regimen of intravenous pulses of synthetic LHRH at the rate 
of 1 p,g per min for 6 min each hour. Puberty in rhesus 
monkeys normally occurs at about 34 months of age. However, 
by using this pulsatile infusion regimen of LHRH, ovulatory 
menstrual cycles were initiated in 11- to 15-month-old pre­
pubertal female monkeys according to Wildt et al. (1980). 
Within a few days of pulsatile LHRH infusions, peripheral 
plasma levels of LH and FSH increased and, in response to 
this, plasma concentrations of estradiol increased. When the 
infusions were discontinued, the animals promptly reverted to 
an immature state. 
Pituitary responsiveness to LHRH in sheep has also been 
studied extensively. Amoss and Guillemin (1969) showed that 
an intracarotid injection of LHRH into mature rams caused a 
significant rise in peripheral blood levels of LH. A report 
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by Reeves et al. (1972) indicated that treatment of anestrous 
ewes, each with a total dose of 400 |j.g LHRH injected intra­
muscularly in two equal doses at a 4-h interval, increased 
both serum LH and FSH within 7.5 min. The resulting blood 
LH levels were comparable to preovulatory LH levels of cy­
cling ewes. In a similar study in anestrous ewes, Chakra-
borty et al. (1974) reported that continuous infusion of 
synthetic LHRH at the rate of 2 to 3 (ig/h for 24 hours induced 
a significant increase in serum LH which peaked 3 h after the 
beginning of LHRH infusion, but then declined to pretreatment 
levels by 16 h. 
There is a limited amount of information on gonadotropin 
response to LHRH in pigs. A study by Pomerantz et al. (1974) 
showed that castrated adult, intact adult and pubertal male 
pigs treated with LHRH all showed significant increases in 
plasma LH with the greatest response occurring in the cas­
trates. Chakraborty et al. (1973) reported that prepubertal 
gilts (age 11 weeks), which were injected with 25 p.g LHRH at 
6-h intervals during a period of 96 h, released LH with 
maximum peaks within 15-30 min after injection. The mean 
concentration of the LH peaks was 6.4 ng/ml in the treated 
animals compared with 1.6 ng/ml for the controls. A report 
by Carpenter and Anderson (1981) indicated that pulsatile 
infusions of LHRH (5 |ig every 1.5 h) in prepubertal gilts 
for 12 consecutive days caused LH spikes and induced ovulation 
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in one of the four gilts used. Similar infusions in hypo­
physial stalk-transected prepubertal gilts failed to elicit 
LH response. 
In cattle, several studies have shown that an injection 
of a pharmacological dosage of LHRH stimulates LH release in 
mature bulls (Thibier, 1976), postpuberal cows (Mauer and 
Rippel, 1972; Kittock et al., 1972), and postpartum dairy 
cows (Fernandes et al., 1978). Increases in plasma LH, FSH, 
and testosterone have been observed in bulls injected with 
LHRH (Schanbacher and Echternkamp, 1978). These investigators 
reported that, even though there was a rapid increase in 
both gonadotropins after LHRH treatment, the increase in LH 
was 30-fold compared with only a 7-fold increase in FSH. 
Using the steer as a model, Kesner et al. (1981) reported 
that LHRH injections at 20-min intervals for 8 h into oil-
pretreated animals increased LH levels from baseline levels 
of 5 ng/ml to 13 ng/ml within 40 min with no further in­
crease thereafter. In contrast, LHRH injections into steers, 
which had been pretreated with estradiol 12 h earlier, in­
creased LH levels to 23 ng/ml within 40 min. LH concentra­
tions continued to increase linearly, reaching a peak of 49 
ng/ml at 120 min after beginning of LHRH treatment. There­
after, LH concentrations dropped despite continued LHRH 
treatment. In studies with intact beef heifers, Kaltenbach 
et al. (1974) reported that a single intracarotid injection 
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of LHRH on days 16, 18 or 20 of the estrous cycle or on the 
day of estrus increased LH levels on all days with the great­
est response occurring on the day of estrus. Kaltenbach and 
his associates further reported that LHRH injection (250 ^ g), 
administered 24 h after the termination of a progesterone 
synchronization regimen, caused a rapid increase in LH and 
FSH in beef heifers. The mean duration of the induced LH 
and FSH surges was about 7 h with peaks of both gonadotropins 
occurring at approximately 100 min after LHRH injection. 
The effect of repetitive administration of LHRH on LH 
secretion in nongravid heifers during the proestrous period 
was examined by Kinder et al. (1974). These investigators 
administered 150 jig LHRH at 4-h intervals for 96 h on days 
16 through 19 of the estrous cycle and observed a mean LH 
peak level of 5.4 ng/ml in treated animals compared with 1.4 
ng/ml in saline-treated controls. The LH peak occurred 
within 30 min following LHRH injection and returned to near 
basal levels within 4 h following each LHRH injection. They 
indicated that LHRH failed to induce follicular growth during 
the 4-day injection period, and none of the treated or con­
trol animals exhibited estrus during this period. 
In a study by Ford and Stormshak (1978), pregnant mare 
serum gonadotropin (PMS) and GnRH were administered to heifers 
during metestrus. Treatment of heifers with PMS failed to 
stimulate follicular growth during metestrus, but it increased 
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follicular growth during the remainder of the cycle. Treat­
ment with GnRH increased peripheral blood serum LH levels, 
15 to 120 min after injection, but failed to cause ovulation. 
There are few published reports showing the effect of 
LHRH on pituitary release of both LH and FSH in prepubertal 
heifers. A report by Mellin et al. (1975) indicated that 
the daily administration of LHRH to prepubertal calves (3-4 
months old) caused an increase in serum LH level which peaked 
2 h later and returned to basal levels within 5 h. LHRH 
administration also caused varying degrees of follicular 
growth in all calves but induced ovulation in only PMS-
pretreated calves. In the same study, these authors found 
that continuous long-term daily treatments with LHRH alone 
were unsuccessful in inducing substantial follicular growth 
or ovulation. Barnes et al. (1980) also reported increased 
levels of LH and FSH within 20 min following 200 jig LHRH 
injection in prepubertal heifers. Furthermore, they demon­
strated that, even though both gonadotropins had similar 
profiles, the LH response (30-fold) was far greater than the 
FSH response (8-fold). 
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MATERIALS AND METHODS 
Experimental Animals 
Ten hypophysial stalk-transected (HST) crossbred (Here­
ford X Aberdeen Angus) heifers were used in this experiment. 
Five of these heifers had been stalk-transected about 29 
months earlier when they were calves ranging from 144 to 272 
days old (Table 15a). None of these heifers had exhibited 
pubertal estrus by the time of the experiment. The remaining 
5 animals were beef heifers that also had been stalk-
transected 30 months earlier at days 140 or 200 of pregnancy 
(Table 15b). None of these heifers had exhibited a post­
partum estrus for a period of 24 months. All heifers were 
watered and fed twice daily on alfalfa hay supplemented with 
2,3 kg of cracked corn ration (14% protein). 
Experimental Procedure 
Before the beginning of treatment, each heifer was 
stanchioned for an adjustment period of 2 to 5 days. After 
this period, each heifer was fitted with two indwelling 
jugular-vein cannulae for hormone infusions and blood collec­
tions. The bleeding cannula was filled with heparinized-
saline and the end of the cannula fitted with a plug. The 
infusion cannula was connected to a Harvard infusion/with­
drawal pump and a timer calibrated to deliver 1 ml of a 
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Table 15a. Age at hypophysial stalk transection (HST) of 
beef calves and the interval between surgery and 
beginning of LHRH infusions 
Interval between 
Age at HST and beginning 
surgery of LHRH treatment 
Calf no, (days) (months) 
114 272 28 
113 267 31 
115 144 29 
118 148 31 
119 148 26 
Table 15b. Stage of pregnancy of beef heifers at hypo­
physial stalk transection (HST) and interval be­
tween surgery and beginning of LHRH infusions 
Heifer no. 
Stage of 
pregnancy 
at HST 
(days) 
Interval between 
HST and beginning 
of LHRH treatment 
(months) 
40 201 32 
66 138 30 
70 200 33 
71 161 28 
74 161 29 
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solution containing LHRH in 1 min each hour. 
Before the heifers were infused with the hormone, they 
were infused with 0.9% saline (1 ml once each hour) for a 
24-h period and then blood samples collected at 20-min inter­
vals for 3 h to determine the pretreatment LH profiles. The 
animals were then infused with LHRH (Abbott #8100). 
The LHRH (50 pig/ml, 2 ml vial) was prepared with 0.9% 
saline and 0.15% bovine serum albumin (BSA). The latter was 
added to prevent the LHRH from adhering to the walls of the 
cannula. 
The animals were started on an initial hormone concen­
tration of 0.5 jj,g/ml or 1 (ig/ml for 2 to 3 weeks. In heifers 
that did not show ovarian follicular growth during this LHRH 
infusion period, the hormone concentration for infusion was 
increased to 2 or 4 jj,g/ml each hour. The duration of LHRH 
treatment varied among HST heifers and was determined pri­
marily by the amount of ovarian follicular growth resulting 
from a particular dosage of the peptide. Heifers which 
showed some ovarian follicular development, as determined by 
rectal palpation, remained on the LHRH infusion regimen for 
longer periods. In contrast, those which showed no ovarian 
response remained on LHRH treatment for a shorter duration. 
The period of LHRH infusion ranged from a minimum of 15 days 
to a maximum of 52 days (Table 16). The frequency of LHRH 
infusion was increased to once every 20 min for an 8-h period 
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Table 16. Dosage and duration of LHRH treatment in HST 
heifers 
Heifer 
no. 
Total period 
of LHRH 
infusion 
(days) 
Dose of LHRH 
infused (1 ml 
once each hour) 
((xg/ml) 
Days of LHRH 
infusion 
C114 40 1.0 
4.0 
1.0% 
1-23 
24 
25-40 
C113 15 1.0 1-15 
C116 48 1.0 
0.5 
1.0 
4.0 
1-8 
9-11 
12-37 
38-48 
C119 33 0.5 
1.0 
1-11 
12-33 
C40 30 0.5 
1.0 
1-5 
6-30 
C70 42 0.5, 
1.0^ 
0.5 
1-5 
6-25 
26-42 
C65 36 1.0 
2.0 
4. 0 
1-14 
15-30 
31-35 
C71 20 1.0 1-20 
C118 38 1.0 1-38 
C74 52 1.0 
2.0 
1-37 
38-52 
^Frequency of LHRH infusion was increased to 1 ml each 
20 min for 8 h on day 29. 
^Frequency of LHRH infusion was increased to 1 ml each 
20 min for 8 h on day 21. 
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in tvo HST heifers (C114 and C70) during the period of maxi­
mum ovarian follicular development in an attempt to induce 
ovulation (Table 16). 
All heifers were bled daily during the period of LHRH 
infusions. At least two blood samples were obtained from 
each heifer daily. On every 5th day throughout the LHRH 
infusion period, 20-min interval blood samples were collected 
for 3 h to determine sequential LH profiles. All blood 
samples were centrifuged immediately at 3000 x g and the 
serum harvested, frozen at -20°C and stored until required 
for radioimmunoassay of LH and, in some cases, progesterone. 
Each heifer was palpated rectally daily, and the approxi­
mate ovarian size recorded. The size and number of ovarian 
follicles present also were recorded. 
Radioimmunoassay of Luteinizing Hormone 
Luteinizing hormone was measured in 200 p.1 aliquots of 
serum in duplicate by using highly purified bovine LH 
1 (bLH-NIH) for labeling with I (Amersham; Chloramine-T 
method) and for standards (25 pg-20 ng) similar to procedures 
described previously (Niswender et al., 1959). After dilu­
tion of ovine LH antiserum (GDN #15, 1:40,000) with 1:400 
normal rabbit serum, 200 jj,l were added to each assay tube 
containing the serum unknown and 0.01 M phosphate buffered 
saline (0.01 M PBS 0.1% gel). The samples were incubated for 
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24 h at 4°C and 100 |il of (30,000 cpm) were added 
and incubated 24 h at 4°C. Then 200 p. 1 of 1:45 dilution of 
anti-rabbit y-globuli# (#13911 produced in goat, Cappel Labs., 
Inc.) were added and incubated 72 h at 4°C. The assay tubes 
were centrifuged at 3000 rpm for 30 min, the liquid decanted 
and the radioactivity of the precipitate determined in a 
y-well spectrometer. 
The antibody, at the dilution used, bound 25 to 30% of 
125 the I-bLH. The sensitivity of the assay was defined as 
the amount of LH standard which yields 95% of the radioactive 
counts per minute in the buffer control tubes. The average 
sensitivity of the assays (n = 3) was 0.2 ng/ml. 
The intra-assay variability of LH was determined from 
replicates of a serum pool (n = 4) from cycling cows. Inter-
assay variation was determined by assaying samples of the 
same serum pool in each of the three assays. The intra-
assay and inter-assay coefficients of variation were 8 and 
9%, respectively. 
Precision and accuracy of the assays were evaluated by 
adding 0.5, 1.0, 2.5, 5 and 10 ng of LH on a ng/ml basis 
(n = 4) to serum from a long-term hypophysial stalk-transected 
cow. After subtraction of the serum blank, the LH concentra­
tions (± S.E.M.) obtained were 0.5 ± 0.06, 0.9 ± 0.06, 2.1 ± 
0.05, 4.8 ± 0.1, 11.1 ±0.5 ng/ml, respectively. 
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Radioimmunoassay of Progesterone 
Serum progesterone was extracted with benzene:hexane 
(1:2 v/v) by a procedure which was a slight modification of 
the protocol used by Louis et al. (1973); 200 p,l of serum 
were extracted in triplicates, one of which was used for re­
covery determination. Each recovery tube, prior to the 
addition of serum, received 100 ^ 1 of ^H-progesterone in 
ethanol (5000 cpm/100 p.1) which was evaporated to dryness. 
After the addition of 2 ml benzene-hexane mixture, each 
sample and recovery tube (15x100 mm disposable culture tubes) 
was vortexed at maximum speed for 30 sec and frozen on dry ice 
in an acetone-ethanol bath. The extracts from the recovery 
tubes were poured off into scintillation vials and evaporated 
to dryness. Ten milliliters of toluene-based scintillation 
cocktail were added to the vials and counted in a liquid 
scintillation spectrometer. The average recovery obtained in 
an assay was used for all the samples. The average recovery 
was 90%. 
The serum extracts were assayed for progesterone by a 
modification of the radioimmunoassay procedure described pre­
viously (Anderson et al,. 1979b) and utilizing the same fully 
characterized antibody (GN-337, Niswender, 1973). The 
sensitivity (150 pg/ml) of the assay was defined as the amount 
of progesterone standard which yields 95% of the counts per 
minute in the buffer control tubes. 
i 
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RESULTS 
Effect of LHRH Infusion on Ovarian Growth 
in HST Heifers 
Before beginning LHRH treatment (day 0), ovarian dimen­
sions in the 10 hypophysial stalk-transected (HST) heifers 
ranged from 0.7 to 12.2 cm^, with a mean value of 7.7 ± 1.4 
O 
cm (mean ± S.E.M., Table 17). Follicles > 4 mm diameter or 
a corpus luteum were not present on the ovaries of these 10 
HST heifers. 
The changes in the ovarian size of the individual 
heifers are presented in Figure 7. All HST heifers showed 
some ovarian growth in response to LHRH. In 4 of 10 HST 
heifers (heifer numbers C70, C114, C116 and C119), maximum 
ovarian sizes were induced which were more than twice the 
initial size (Table 17). The mean maximum ovarian size 
(15.9 ±2.7 cm^) of the 10 heifers after LHRH infusion was 
significantly greater (P<0.05) than the mean initial ovarian 
size (7.7 ± 1.4 cm ). This difference was influenced pri­
marily by heifer number C114 in which ovarian growth was in­
creased 12-fold from initial size. 
None of the HST heifers achieved maximum ovarian size 
before 15 days of LHRH infusion. Maximum ovarian sizes were 
attained between 15 and 30 days of daily pulsatile infusions 
of LHRH. 
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Table 17. Effect of daily pulsatile infusion of LHRH on 
ovarian size of HST heifers 
Heifer 
number 
Average 
ovarian size (cm ) 
Initial Maximum 
Ratio of 
maximum 
initial size 
Days 
of LHRH 
. infusion 
to maximum 
ovarian 
size 
C40 10.3 13.4 1.3 30 
C56 13.2 18.2 1.4 15 
C70 8.7 18.4 2.1 30 
C71 9.6 15.5 1.6 15 
C74 10.6 14.2 1.3 15 
C113 0.8 1.4 1.8 15 
C114 3.1 36.2 11.7 30 
C116 5.9 15.3 2.6 20 
C118 12.6 16.2 1.3 35 
C119 1.7 10,4 6.1 20 
q 
Figure 7. Changes in mean ovarian size (cm ) of hypophysial stalk-transected 
beef heifers given pulsatile infusion of LHRH 
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Effect of LHRH Infusion on Ovarian Follicular 
Development in HST Heifers 
Ovarian follicular development occurred in 4 of 10 HST 
heifers (heifer numbers C70, C114, C116 and C119) in response 
to pulsatile LHRH infusion (Table 18). These were the same 
4 heifers that had maximum ovarian sizes of more than twice 
the initial. 
In heifer number C114, numerous small follicles were 
present on both ovaries by the 5th day of LHRH infusion. One 
of these follicles on the right ovary developed to a pre­
ovulatory size of 15 mm diameter on day 11 of LHRH treatment. 
This follicle, however, was not ovulated but remained at 
that diameter until day 30. In an attempt to induce ovula­
tion of this follicle, the frequency of LHRH infusion was in­
creased from 1 ml (1 jig/ml) each hour to 1 ml each 20 min for 
8 h on day 29, but this did not induce ovulation. The ovarian 
follicle subsequently regressed, and by day 35 had been re­
duced to a hard spot on the ovary. A progesterone profile of 
heifer number C114 confirmed that no ovulation had occurred. 
In heifer number C70, a follicle also developed on the 
right ovary to a preovulatory size of about 12 mm on day 21 
of LHRH infusion. The frequency of infusion was increased to 
1 ml each 20 min (1 p,g/ml) for 8 h on day 21 and this induced 
ovulation during the night of day 21. This heifer was in­
seminated artificially on day 22, but failed to conceive. The 
Table 18. Ovarian follicular development in HST heifers in response to 
pulsatile LHRH infusion 
Heifer 
number 
Days of LHRH infusion 
C40 
C66 
C70 
C71 
C74 
C113 
Cl-14 
C116 
C118 
C119 
0 10 
0" 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Many 
0 
0 
0 
0 
0 
0 
1 foil. 
small foil. 10 mm 
Many 1 foil, 
small foil. 10 mm 
0 
0 
0 
0 
15 20 25 30 
0 
0 
0 
0 
0 
1 foil. 
15 mm 
1 foil. 
5 mm 
0 
1 foil. 
4 mm 
0 
0 
1 foil. 1 foil. 
6 mm 12 mm 
0 
0 
1 foil. 
15 mm 
0 
0 
1 foil. 
7 mm 
0 
0 
CL 
12 mm 
0 
1 foil. 
15 mm 
0 
0 
1 foil. 
5 mm 
0 
0 
CL 
12 mm 
1 foil. 
15 mm 
1 foil. 
8 mm 
0 
^0 = no follicle (foil.) > 3 mm diameter. 
= heifer off the infusion pump. 
35 
0 
0 
0 
1 foil. 
6 mm 
0 
0 
H M 
W 
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corpus luteum -which formed subsequently regressed to a corpus 
albicans by day 35. A progesterone profile of the peripheral 
blood of heifer number C70 (Figure 8) indicated that the 
corpus luteum was functional briefly (4-7 days post-ovulation). 
Progesterone concentrations in peripheral blood reached a 
maximum of 0.7 ng/ml (basal levels of progesterone averaged 
0.16 ng/ml). 
Heifer number C119 developed a single follicle of > 4 mm 
diameter on each ovary on day 15 of LHRH treatment. The 
follicle on the left ovary did not develop further but later 
regressed, while the follicle on the right ovary developed to 
a maximum size of 7 mm diameter on day 20 and thereafter 
regressed. 
Two waves of follicular development were observed in 
heifer number C116. By day 5 of LHRH infusion, numerous 
small follicles had appeared on both ovaries but only 1 
follicle on the right developed to a maximum diameter of 10 
mm on day 10. It remained at this size until day 13 when it 
regressed. There was no further follicular development until 
day 28 when gro-wth began in another follicle on the right 
ovary. This follicle increased to a diameter of 8 mm on 
days 30 and 31, and thereafter regressed. 
Figure 8, Peripheral serum progesterone profile of hypophysial stalk-transected 
beef heifer number C70 
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Effect of LHRH Infusion on LH Concentrations in 
Peripheral Blood of HST Heifers 
The luteinizing hormone (LH) concentrations in the 
peripheral serum of the individual HST heifers are shown in 
Figures 9a, 9b and 9c. In all of the 10 HST heifers, serum 
LH levels remained low with no episodic hormone release be­
fore the beginning of LHRH infusion. The average LH concen­
tration on day 0 for the 10 heifers was 0.9 ± 0.1 ng/ml. 
In 3 of 10 HST heifers (heifer numbers C71, C74 and 
C118), serum LH concentrations remained low (e.g., no LH 
peak > 4 ng/ml) throughout the period of LHRH infusion. In 
each of the remaining 7 heifers, occasional LH peaks occurred 
at > 5 ng/ml. Two patterns of episodic LH release occurred 
in these 7 HST heifers. During the initial 15 days of pul­
satile LHRH infusions, all the 7 heifers showed peaks of 
small amplitude (e.g., 5-10 ng/ml). Between the 20th and 
30th days of LHRH infusion, serum LH peaks ranging from 10 
to 30 ng/ml occurred in 5 (heifer numbers C40, C70, C114, 
C115 and C119) of the 7 heifers. The LH peaks were irregular 
and not always associated with the LHRH pulses. 
Figure 9a, Serum luteinizing liormone profiles of hypophysial stalk-transected 
beef heifers (heif<3r numbers C40, C119, C116, and C74) given 
pulsatile infusion of LHRH; the LHRH pulses are indicated by arrows 
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Figure 9b. Serum luteinizing hormone profiles of hypophysial stalk-transected 
beef heifers (heifer numbers C114, C66, C71, C113, and C118) given 
pulsatile infusion of LHRH; the LHRH pulses are indicated by arrows 
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Figure 9c. Serum luteinizing hormone profiles of hypophysial stalk-transected 
beef heifer number C70, given pulsatile infusion of LHRHj the LHRH 
pulses are indicated by arrows 
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DISCUSSION 
The results of the present investigation clearly indi­
cate that LH is released in an episodic pattern and that 
secretion of this hormone is dependent on pulsatile secre­
tion of LHRH from the hypothalamus in cattle. 
Results from previous work have shown that complete 
inhibition of the episodic release of LH occurs immediately 
after hypophysial stalk transection of beef heifer calves 
(Anderson et al. , 1981b). Peripheral serum LH in these calves 
remain at basal levels (<0.2 ng/ml), and ovarian follicular 
growth and pubertal estrus do not occur. We also have demon­
strated that both ovarian progesterone secretion and preg­
nancy are maintained to a normal duration after hypophysial 
stalk-transection of beef heifers at midgestation, but LH 
concentrations in peripheral blood remain lower than those 
in sham controls. In the present study, 5 of the 10 heifers 
were stalk-transected when they were calves (144 to 267 days 
old), and the other 5 were stalk-transected at midgestation. 
In the interval between stalk transection and the beginning 
of LHRH infusions described in this study (25-33 months), 
rectal palpations at regular inter\'als have shovm that none 
of these HST heifers had ovarian follicular development. The 
peripheral serum LH concentrations in these heifers before 
the beginning of pulsatile LHRH infusions were low (<1.0 
ng/ml) and nonepisodic. Seven of 10 HST heifers in the 
125 
present study responded to the LHRH infusion regimen with 
occasional LH peaks >5 ng/ml. 
It has been reported (Rahe et al,, 1980) that, in mature 
dairy cows, peripheral plasma concentrations of LH fluctuate 
in a pulsatile manner, and that the frequency and magnitude 
of LH pulses depend upon the stage of the estrous cycle and are 
related to ovarian steroid secretion. In the early luteal 
phase of the cycle when progesterone levels are low, LH 
pulses of low amplitude (2-3 ng/ml) occur frequently. In the 
midluteal phase, when peripheral plasma levels of proges­
terone are elevated, the LH pulses are of high amplitude but 
occur at a low frequency. In the present investigation, 
patterns of episodic release of LH in these stalk-transected 
heifers in response to pulsatile LHRH infusion were less 
rhythmic. During 3-h blood collection periods, 1 to 3 LH 
peaks were observed. Two patterns of LH secretion are evi­
dent from these results. During the first 15 days of pulsa­
tile LHRH infusion, 7 of 10 HST heifers showed LH peaks of 
small amplitude (2 to 10 ng/ml). During the later part 
(days 15 to 30) of the infusion period, occasional serum LH 
peaks of 10-30 ng/ml were observed in 5 of 10 heifers. 
The induction of ovarian follicular activity in pre­
pubertal animals and in adults with hypothalamic lesions by 
pulsatile infusions of LHRH has been demonstrated in labora­
tory species, and the rhesus monkey. By using a pulsatile 
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LHRH infusion regimen of 1 jj,g per min for 6 min each hour, 
it has been shown that menstrual cycles were initiated in 
prepubertal rhesus monkeys (11-15 months old) and reestab­
lished in adult monkeys whose endogenous production of LHRH 
had been abolished by hypothalamic lesions (Knobil et al., 
1980; Wildt et al., 1980). In the present study, pulsatile 
LHRH infusions induced follicular development in 4 of 10 
HST beef heifers whose ovaries had been inactive with no 
follicular development for periods ranging from 26 to 33 
months. In 2 of 4 HST heifers, the follicles developed to 
ovulatory size but ovulation occurred in only one heifer. 
One of the problems associated with an investigation, 
such as the present one, is the determination of the appro­
priate dosage and frequency of LHRH infusion required to 
induce the secretion of LH and FSH to levels essential for 
ovarian development and ovulation in cattle. By using the 
steer (castrated male) as a model, Kesner et al. (1981) 
showed that injections of 1 p,g LHRH at 20-min intervals, 
between 12 and 30 h after estradiol pretreatment, 
induced an LH surge (49 ng/ml) that resembled the pre­
ovulatory surge in cows. Mellin et al. (1975) were unsuc­
cessful in inducing follicular growth or ovulation in pre­
pubertal calves by daily single injections of 200 fxg GnRH 
for 12 days. Four doses (0.5, 1.0, 2.0 and 4.0 p.g) of LHRH 
were used for hourly infusions in the present study. All the 
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4 HST heifers that showed follicular development did so when 
given an LHRH dose of 1 once every hour. Even though this 
infusion regimen caused some follicular development, it was 
not adequate to induce ovulation. In 1 of 2 HST heifers 
(heifer number C114) that had follicular development to about 
15 mm, the follicle after reaching 15 mm on day 15 of LHRH 
infusion remained at that size for 2 weeks without ovulation. 
An attempt to induce ovulation by increasing the frequency of 
LHRH infusion to once every 20 min for 8 h on day 29 failed 
to cause ovulation. In the other heifer (heifer number C70), 
the frequency of LHRH infusion was increased to once every 
20 min for 8 h on .day 21 when rectal palpation revealed the 
presence of a follicle about 12 mm. This increased frequency 
of LHRH infusion produced an LH peak of 30.5 ng/ml and caused 
ovulation. 
The heifer that ovulated (heifer number C70) was bred 
by artificial insemination but failed to conceive. As the 
peripheral serum progesterone profile revealed, the corpus 
luteum was short-lived and produced peak serum progesterone 
concentrations <1 ng/ml. It is possible that the long period 
of ovarian and pituitary inactivity in these hypophysial 
stalk-transected heifers affected their ability to secrete LH 
and induce follicular development by pulsatile infusions of 
LHRH. The interval of 25 months between hypophysial stalk-
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transection and the beginning of pulsatile LHRH infusion 
may account for the small number of animals that showed 
ovarian follicular development. 
The completeness of stalk transection and position of 
the nylon disc were confirmed at slaughter of HST heifers. 
The pituitary gland was cut transversely and fixed in Susa's 
solution for histological evaluation. Pituitary glands were 
sectioned at 7 p,m and stained by method of Wilson and Ezrin 
(Armed Forces Institute of Pathology Manual) for identifica­
tion of acidophils, basophils and chromophobes, whereas 
other sections were stained with hemotoxylin and eosin. The 
average pituitary weight of the 10 HST heifers (1.05 ± .07 g) 
was significantly less (P<0.001) than those of 9 sham-
operated and unoperated heifers (2.58 ± .19 g) of similar 
weights. The weight of the pituitary in grams per 100 kg of 
body weight averaged 0.18 ± .01 for the 10 HST heifers 
was less (P<0.00001) than that for 9 sham-operated and un­
operated heifers (0.55 ± .03). Histological examination of 
pituitary glands from the HST heifers indicated the persis­
tence of at least some secretory cells in the same areas of 
the adenohypophysis as sham-operated and unoperated heifers. 
I 
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SUMMARY AND CONCLUSIONS 
The effects of pulsatile infusion of LHRH on LH secre­
tion and ovarian function were investigated in 10 hypophysial 
stalk-transected (HST) beef heifers. Five of these HST 
heifers had been stalk-transected about 29 months earlier 
when they were calves ~200 days old. None of these 5 HST 
animals had exhibited pubertal estrus by the beginning of 
LHRH infusion. The remaining 5 heifers were stalk-transected 
30 months earlier at 140 or 200 days of gestation. None of 
these HST heifers had exhibited a postpartum estrus before 
beginning LHRH infusion. 
Each heifer was fitted with 2 indwelling jugular vein 
cannulae for hormone infusion and blood collections. The 
infusion cannula was connected to a Harvard infusion/with­
drawal pump set to deliver 1 ml of LHRH (1-4 p.g/ml) in 1 min 
each hour. All heifers first were infused with 0.9% saline 
for 24 h and blood samples collected at 20-min intervals for 
3 h to determine their pretreatment LH profiles. The animals 
then were infused with 1 ml of LHRH (Abbott #8100) once every 
hour. Dosages of LHRH ranging from 0.5 to 4.0 jig/ml were 
used on individual heifers depending on the presence or ab­
sence of ovarian follicular development which was determined 
daily by rectal palpatation. Two blood samples were collected 
daily and, on every 5th day, 20-min interval blood samples 
were obtained for 3 h to determine LH profiles. 
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Ovarian follicular development occurred in 4 of 10 HST 
heifers in response to the pulsatile LHRH infusion. In 2 
of these heifers, an ovarian follicle developed to a pre­
ovulatory size of 12-15 nun but ovulation occurred only in 1 
heifer after the frequency of LHRH infusion was increased to 
1 |j,g each 20 min for 8 h. This heifer was bred by artificial 
insemination but failed to conceive. 
Pretreatment levels of LH in the peripheral blood serum 
of the HST heifers were low (<1.0 ng/ml) and nonepisodic. In 
7 of 10 HST animals, episodic LH secretion occurred in re­
sponse to LHRH treatment. During the first 15 days of LHRH 
infusions, LH spikes of low magnitude (5 to 10 ng/ml) occurred 
in all the 7 HST heifers. Between the 20th and 30th day of 
LHRH infusion, LH spikes of higher amplitude (10-30 ng) 
occurred in 5 HST heifers. The number of LH spikes that 
occurred during blood collection periods of 20-min intervals 
for 3 h ranged from 1 to 3. 
The results from this experiment clearly show that LH 
secretion in beef heifers is episodic and under the influence 
of pulsatile release of LHRH from the hypothalamus. Transec­
tion of the stalk connection between the hypophysis and hypo­
thalamus abolishes the episodic release of LH and, subse­
quently, periperhal LH blood levels fall and ovarian follicu­
lar activity is inhibited. Simulation of hypothalamo-
hypophysial function by pulsatile infusion of LHRH (1 |ig 
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each hour) induces episodic LH secretion and causes follicu­
lar development in HST heifers. For ovulation, a preovula­
tory surge of LH (>25 ng/ml) is required and this was 
achieved by increasing the frequency of LHRH infusion to 
1 |ig every 20 min for 8 h when the follicles reached a size 
of more than 12-15 mm. 
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GENERAL SUMMARY 
Three experiments were conducted to investigate environ­
mental and neuroendocrine control of puberty in Yorkshire 
gilts and LH secretion and ovarian function in crossbred 
(Hereford x Aberdeen Angus) heifers. 
In the first experiment, 36 three-month old gilts were 
reared in isolation under 3 photoperiodic regimens of total 
darkness, constant light and normal summer daylength and their 
growth and ages at puberty compared to littermates reared 
in groups under normal simmer daylength. The growth rates, 
percentages of animals cycling at 8 months and the average 
ages at puberty were similar for all the treatment groups. 
This suggests that isolation, total darkness or constant 
light does not significantly influence growth rate or time of 
onset of puberty in Yorkshire gilts. 
In the second experiment, the effects of olfactory 
bulbectomy on growth and puberty were studied in 3- to 5-
month old Yorkshire gilts. Twenty-four gilts were assigned 
randomly to 1 of 2 treatments, namely: olfactory bulbectomy 
and sham-operation. Growth rates in both groups were similar, 
but the percentage of olfactory bulbectomized gilts cycling 
at 9 months (33) was significantly less (P<0.05) than sham-
operated controls (80). The bulbectomized gilts that did 
cycle had regular estrous cycles. These results indicate 
that olfactory bulbectomy during the prepubertal period 
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significantly delays sexual maturation in gilts but does not 
result in permanent loss of gonadal function. 
In the third experiment, the hypothalamic regulation of 
luteinizing hormone (LH) secretion and ovarian function were 
investigated in beef heifers by infusing LHRH in a pulsatile 
manner (1-4 jj,g/ml; 1 ml each hour) into 10 hypophysial stalk-
transected (HST) beef heifers. The preinfusion levels of LH 
were low (<1.0 ng/ml) and nonepisodic in these 10 heifers. 
In 7 of 10 HST heifers, episodic LH secretion occurred in 
response to pulsatile LHRH infusions. Low amplitude LH 
spikes (5 to 10 ng/ml) occurred during the first 15 days of 
LHRH infusions. Between the 20th and 30th days of LHRH in­
fusion, higher amplitude LH spikes (10 to 30 ng/ml) occurred 
in 5 HST heifers. LHRH infusion induced follicular develop­
ment in 4 of these heifers. In 2 of these 4 heifers, LHRH 
induced follicular development to preovulatory diameters of 
12-15 mm. One heifer ovulated after the frequency of LHRH 
infusion was increased from the once an hour to once every 
20 min for 8 h. This heifer was inseminated but failed to 
conceive. The results from this study indicate that pulsa­
tile infusion of LHRH (1 p,g each hour) induces LH release and 
initiates ovarian follicular growth in hypophysial stalk-
transected beef heifers. 
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APPENDIX 
Table Al. Weekly body weights (kg) of group 1 gilts (isolated - total darkness) 
Body weight at weekly intervals (kg) 
no. 10 11 12 13 14 15 16 17 18 19 20 21 22 
Y1700 29.9 32.7 40.4 45.8 51.7 55.8 60.3 65.8 68.0 75.7 81.2 86.2 90.7 
Y1690 24.5 29.5 35.8 40.8 46.7 51.7 56.7 63.5 69.9 75.7 81.6 89.4 93.0 
Y1680 25.9 30.8 36.7 44.0 50.3 55.8 59.4 62.6 71.7 78.0 86.6 92.5 98.0 
Y1671 24.5 29.5 35.8 40.4 46.7 52.6 54.4 56,7 60.3 64.4 68.9 77.1 79.8 
Y2052 25.9 27.2 35.4 43.1 48.1 54.4 59.9 65.8 70.3 78.0 83.9 88.5 91.6 
Y2065 21.3 24.9 29.9 34.9 40.8 46.3 51.3 56.7 61.2 68.9 73.9 79.8 84.8 
Y2082 26.8 30.8 38.1 42.2 49.0 55.8 56.7 65.3 72.1 78.0 84.4 89.4 93.9 
Y2105 23.6 28.1 32.2 38.1 43.1 49.0 54.9 61.2 67.6 72.6 78.5 83.0 86.2 
Y5453 18.1 21.8 24.0 25.4 27.2 31.8 37.2 41.7 48.1 53.5 59.4 65.8 74.7 
Y5464 22.7 26.3 27.2 29.5 33.1 40.4 43.1 49.0 50.8 55.8 62.6 68.0 79.4 
Y5486 23.6 26.8 28.6 30.8 34.0 40.4 49.9 55.8 60.8 65.8 71.2 73.0 78.9 
Y5504 24.5 27.2 30.8 34.9 39.9 44.0 46.3 49.9 54.4 63.0 68.0 79.4 86.2 
X 24.3 28.0 32.9 37.5 42.6 48.2 52.5 57.8 62.9 69.1 75.0 81.0 86.5 
SD 2.8 3.0 4.9 6.4 7.7 7.7 7.2 7.7 8.3 8.7 9.0 8.8 7.0 
SE 0.8 0.9 1.4 1.9 2.2 2.2 2.1 2.2 2.4 2.5 2.6 2.5 2.0 
Average 
weekly 3.7 4.9 4.6 5.1 5.6 4.3 5.3 5.1 6.2 5.9 6.0 5.5 
gain 
H 
ui 
Table Al. (Continued) 
Body weight at weekly intervals (kg) 
VjijLL 
no. 23 24 25 26 27 28 29 30 31 32 33 34 35 
Y1700 96.2 99.8 106.1 108.9 114.3 117.9 122.0 125.6 131.1 136.1 138.3 145.1 150.6 
Y1690 100.7 105.7 115.2 117.5 124.3 129.3 130.6 131.5 133.8 136.1 137.9 140.6 146.5 
Y1680 103.4 108.0 117.0 120.2 127.9 131.5 138.3 140.6 145.1 148.8 154.2 159.1 166.0 
Y1671 86.6 91.2 92.5 99.8 106.6 109.3 115.2 119.3 120.7 122.0 125.6 127.9 131.5 
Y2052 96.1 98.9 102.5 106.1 108.0 111.6 115.2 116.6 123.8 127.5 128.8 135.2 137.9 
Y2065 87.1 90.7 93.4 95.7 97.5 100.7 104.3 107.5 110.7 116.6 118.4 123.4 125.8 
Y2082 98.9 102.1 105.2 109.8 117.9 122.5 125.2 127.5 131.5 136.1 141.5 147.4 149.7 
Y2105 91.2 96.2 102.5 106.6 108.9 113.9 121.6 127.0 130.6 131.1 139.7 142.9 145.1 
Y5453 78.9 85.3 88.5 95.3 99.8 106.1 111.1 117.0 121.6 124.7 127.9 131.5 136.1 
Y5464 85.7 92.1 97.1 101.6 105.7 111.1 115.7 121.6 124.7 128.8 132.4 137.1 142.4 
Y5486 82.6 86.2 90.7 95.7 99.8 105.2 111.1 115.2 121.1 124.7 127.9 131.5 135.2 
Y5504 93.9 100.2 105.2 110.2 113.4 118.8 124.7 129.7 133.8 138.8 144.2 149.7 155.1 
X 91.8 96.4 101.3 105.6 110.3 114.8 119.6 123.3 127.4 130.9 134.7 139.2 143.7 
SD 7.7 7.3 9.2 8.3 9.6 9.5 9.4 8.9 8.8 8.7 9.8 10.2 10.7 
SE 2.2 2.1 2.7 2.4 2.8 2.7 2.7 2.6 2.5 2.5 2.8 3.0 3.1 
Average 
weekly 5.3 4.6 4.9 4.3 4.7 4.5 4.8 3.7 4.1 3.5 3.8 4.5 4.5 
gain 
Table A2. Weekly body weights (kg) of group 2 gilts (isolated - constant light) 
Body weight at weekly intervals (kg) 
no. 10 11 12 13 14 15 16 17 18 19 20 21 22 
Y1701 19.5 23.1 26.8 31.8 38.1 41.3 46.3 52.2 55.8 61.2 67.1 72.6 75.3 
Y1691 21.8 24.5 29.0 33.1 39.0 42.2 46.3 52.6 55.8 62.1 65.8 74.4 76.7 
Y1682 19.1 22.7 27.2 32.7 39.9 44.0 49.0 53.5 59.0 67.1 71.2 78.5 80.7 
Y1670 29.0 34.0 41.7 46.3 53.1 56.7 61,2 65.3 69.4 73.0 78.5 83.5 88.0 
Y2051 23.6 27.7 33.6 37.6 41.3 49.9 57.2 61.2 68.9 74.4 76.2 83.9 88.0 
Y2062 20.9 24.0 26.8 34.5 38.6 44.9 49.9 54.0 59.4 64.9 68.9 74.8 79.8 
Y2085 22 .2  2.63 32.2 37.2 41.7 48.1 52.6 57.2 65.8 71.2 76.2 81.2 86.2 
Y2102 19.5 26.3 29.9 35.8 40.4 45.4 49.4 54.0 58.1 62.1 68.0 73.9 77.6 
Y5455 24.0 29.0 34.0 40.4 46.3 53.5 60.8 65.8 71.7 82.1 88.5 95.3 100.2 
Y5463 19.1 22.2 26.3 31.3 35.8 39.9 47.5 51.7 58.5 67.6 73.5 80.7 87.1 
Y5483 18.1 20.4 22.7 25.9 29.9 37.2 41.3 44.5 49.4 56.7 60.8 67.1 72.6 
Y5503 19.1 21.8 24.9 30.8 35.4 39.9 49.0 53.1 58.5 68.0 73.9 80.3 85.7 
X 21.3 25.2 29.6 34.8 40.0 45.7 50.9 55.3 60.9 67.5 72.4 78.9 83.2 
SD 3.1 3.8 5.1 5.2 5.7 6.0 6.0 5.8 6.6 6.9 7.2 7.2 7.6 
SE 0.9 1.1 1.5 1.5 1.7 1.7 1.7 1.7 1.9 2.0 2.1 2.1 2.2 
Average 
weekly 3.9 4.4 5.2 5.2 5.7 5.2 4.4 5.6 6.6 4.9 6.5 4.3 
H U1 
cn 
gain 
Table A2. (Continued) 
Body weight at weekly Intervals (kg) 
no. 23 24 25 26 27 28 29 30 31 32 33 34 35 
Y1701 80.7 84.4 92.1 96.2 100.7 106.1 111.1 112.5 118.8 125.6 129.3 132.0 136.1 
Y1691 83.0 86.6 92,5 96.2 104.8 110.2 112.5 114.8 122.0 125.2 132.0 136.1 137.9 
Y1682 87.5 92.5 103.0 105.7 113.9 118.8 123.4 11*6.6 133.4 136.1 140.6 142.9 150.6 
Y1670 94.3 97.5 104.8 110.2 112.5 119.7 124.7 127.5 130.6 136.1 140.6 144.2 147.0 
Y2051 94.3 98.0 102.5 109.3 112.0 113.9 117.5 122.9 125.2 126.6 129.7 130.6 132.4 
Y2062 83.5 87.5 97.2 98.0 102.5 108.0 109.3 114.8 119.7 121.6 124.3 129.7 131.5 
Y2085 92.5 96.2 100.7 104.8 110.7 114.8 118.4 123.8 128.4 130.6 132.0 136.1 141.5 
Y2102 83.0 87.1 90.7 96.2 101.6 103.4 108.9 114.3 119.7 122.5 124.3 130.6 136.1 
Y5455 106.6 112.5 117.9 122.0 127.0 131.5 134.3 134.7 142.0 148.8 142.4 144.7 147.0 
Y5463 93.9 99.8 107.0 113.9 121.6 127.9 133.4 136.1 143.8 147.4 151.0 157.9 161.9 
Y5483 78.5 83.9 88.9 91.6 97.1 103.9 108.0 112.9 118.8 122.5 127.5 131.5 136.1 
Y5503 90.7 98.4 103.9 107.5 113.4 119.3 125.2 130.6 136.1 137.9 142.4 148.3 152.4 
X 88.2 93.7 99.6 104.3 109.8 114.8 118.9 122.6 128.2 131.7 134.7 138.7 142.5 
SD 7.9 8.4 8.7 8.9 8.9 9.1 9.3 8.6 9.0 9.5 8.5 
CO 
9.3 
SE 2.3 2.4 2.5 2.6 2.6 2.6 2.7 2.5 2.6 2.7 2.5 2.6 2.7 
Average 
weekly 5.0 5.5 5.9 4.7 5.5 5.0 4.1 3.7 5.6 3.5 3.0 4.0 3.8 
g a i n  . . .  
M 
ui 
Table A3. Weekly body weights (kg) of group 3 gilts (isolated - normal daylight) 
Body weight at weekly intervals (kg) 
no. 10 11 12 13 14 15 16 17 18 . 19 20 21 22 
Y5451 20.4 24.9 29.5 35.4 41.7 48.1 55.3 60.3 64.0 74.8 78.5 81.6 89.8 
Y5462 18.1 22.7 27.2 31.3 36.3 40.8 45.4 51.7 54.4 63.0 65.3 69.9 77.1 
Y5484 19.5 24.0 29.9 34.5 40.8 45.4 50.8 57.6 61.7 70.8 74.8 79.8 86.2 
Y5500 20.9 26.3 30.4 35.4 42.6 47.6 53.5 58.1 60.8 70.3 73.9 78.0 85.3 
Y2750 24.0 28.1 31.8 36.3 40.4 44.5 49.9 56.2 61.7 68.0 74.8 78.0 79.8 
Y2798 20.9 26.3 29.5 35.4 41.7 45.4 49.9 57.2 64.0 69.4 75.7 80.7 85.7 
Y2807 19.1 22.7 25.9 30.8 33.6 38.1 44.9 50.8 55.3 61.7 68.0 72.6 79.8 
Y2814 40.9 33.6 26.8 30.8 33.1 27.2 43.5 48.5 53.5 59.9 65.8 70.3 76.7 
Y2753 21.8 26.3 30.8 34.5 41.3 46.3 51.7 57.6 63.5 67.6 73.9 78.5 81.6 
Y2792 22.7 27.2 31.3 31.8 27.2 43.1 48.1 53.5 61.2 65.3 70.3 75.7 80.7 
Y2803 22.7 27.2 29.9 34.5 39.0 44.5 50.3 56.7 62.6 67.6 74.4 77.1 83.0 
Y2810 20.4 23.6 28.1 29.9 32.7 36.3 40.4 45.4 50.8 55.8 61.2 66.2 72.6 
X 21.0 25.2 29.3 33.4 38.4 43.1 48.6 54.5 59.5 66.2 71.1 75.6 81.5 
SD 1.7 1.9 1.9 2.3 3.7 4.1 4.3 4.5 4.6 5.3 4.9 4.8 4.8 
SE 
Average 
weekly 
gain 
0.5 0.5 
4.2 
0.5 
4.1 
0.7 
4.1 
1.1 
5.0 
1.2 
4.7 
1.3 
5.5 
1.3 
5.9 
1.3 
5.0 
1.5 
6.7 
1.4 
4.9 
1.4 
4.5 
1.4 
5.9 
1 
Table A3. (Continued) 
Gilt 
no. 
Body weight at weekly intervals (kg) 
23 24 25 26 27 28 29 30 31 32 33 34 35 
Y5451 96.2 100.2 107.5 111.1 114.8 118.8 124.7 129.7 136.1 138.3 142.9 148.8 155.6 
Y5462 82.6 87.5 91.6 97.5 101.6 105.2 111.1 113.9 117.9 124.7 127.9 131.5 136.1 
Y5484 93.0 98.9 101.2 103.9 108.9 116.1 121.1 127.0 130.0 134.3 137.0 140.6 144.2 
Y5500 90.7 95.7 103.0 105.7 111.6 116.6 121.1 126.6 130.6 136.1 137.4 142.9 146.5 
Y2750 81.6 87.5 90,7 93.4 99.8 104.3 107.5 112.0 117.0 121.6 126.6 133.4 140.6 
Y2798 89.8 94.8 97.5 100.7 107.5 112.5 117.9 124.3 128.8 132.9 136,5 142.4 148.3 
Y2807 83.9 88.0 91.2 92.5 96.2 98.4 104.3 110.2 114.8 121.6 127.0 132.4 136.5 
Y2814 72.6 79.4 81.6 84.4 88.5 93.9 99.8 108.0 113.4 121.6 125.2 132.6 136.1 
Y2753 86.6 90.7 93.4 97.5 98.4 104.3 106.6 10918 114.8 121.1 129.7 132.9 136.1 
Y2792 85.3 88.0 90.7 95.7 97.5 102.1 107.0 112.5 117.0 120.2 124.3 127.0 131.5 
Y2803 86.6 93.4 98.4 103.0 105.2 114.8 120.2 123.4 127.0 129.7 133.8 137.4 141.5 
Y2810 76.7 82.1 87.5 91.6 93.4 99.8 104.3 108.0 112.5 117.9 126.1 132.9 136.1 
X 85.5 90.5 94.5 98.1 102.0 107.2 112.1 117.1 121.7 126.7 131.2 136.2 140.8 
SD 6.6 6.3 7.2 7.3 7.8 8.2 8.4 8.3 8.2 7.1 6.1 6.2 6.8 
SE 1.9 1.8 2.1 2.1 2.3 2.4 2.4 2.4 2.4 2.1 1.8 1.8 2.0 
Average 
weekly 4.0 5.0 4.0 3.6 3.9 5.2 4.9 5.0 4.6 5.0 4.5 5.0 4.6 
gain 
Table A4. Weekly body weights (kg) of group 4 gilts (grouped - normal daylight) 
])ody weight at weekly intervals (kg) 
number 10 11 12 13 14 15 16 17 18 19 20 21 22 
Y1672 24.5 30.8 36.3 41.7 48.5 55.3 57.2 62.6 67.6 75.3 79.8 83.0 89.8 
Y1681 28.6 32.2 36.7 39.5 44.5 48.1 53.1 56,2 63.5 67.6 73.0 78.9 83.5 
Y1692 28.1 32.7 38.6 43.1 49.9 54.9 62.1 67.1 72.6 77.1 83.9 89.4 94.3 
Y1702 27.7 32.7 39.0 44.5 51.3 57.2 59.9 64.9 70,3 76.2 82.1 88,5 95.3 
Y2053 24.0 28.6 33.6 38.6 45.4 50.8 57.2 62.6 67,6 73,5 79.8 83,0 88.9 
Y2060 19.1 21.8 25.7 29.5 34.5 37.6 43.1 47.2 51,3 56.2 61.7 66,7 70,3 
Y2080 26.3 30.8 27.2 39.9 48.1 54.4 61.7 67,6 73.9 79.8 86.2 92,1 95,3 
Y2100 20.9 24,9 30.4 35.4 40.8 45.8 52.2 57.6 62.6 66.7 70.8 77,1 81,6 
Y5454 23.6 27.2 29.0 33.1 36.3 43.1 46.7 52.2 58.1 65.3 69.4 71,7 75,3 
Y5460 20.4 22.7 25.9 28.6 32.7 37.2 43.1 47.6 52.2 60.3 62.6 67,1 70,8 
Y5480 20.9 23.6 26.3 29.0 31.3 36.3 41.3 45.4 49.0 55.8 56.7 59,9 63,0 
Y5501 19.5 21.8 24.0 26.8 30.8 36.3 43.1 46.7 52.2 58.1 60.8 64,0 68,0 
X 23.6 27.5 31.9 35.8 40.8 46.4 51.7 56.5 61.7 67.7 72.2 76.4 81.3 
SD 3.5 4.4 5.6 6.2 7.3 8.2 7.9 8.4 8.9 8.7 10.1 10.9 11.6 
SE 1.0 1.3 1.6 1.8 2.1 2.4 2.3 2.4 2.6 2.5 2.9 3.1 3.3 
Average 
weekly 3.9 4.4 3.9 5.0 5.6 5.3 4.8 5.2 6.0 4.5 4.2 4.9 
gain 
Table A4. (Continued) 
Body weight at  weekly Intervals (kg) ' 
number 23 24 25 26 27 28 29 30 31 32 33 34 35 
Y1672 94.8 98.9 106.6 109.8 116.6 122.0 124.7 128.8 131.5 137.0 145.1 152.0 152.4 
Y1681 90.7 96.2 103.4 104.8 113.9 117.9 121.6 135.3 127.9 131.5 139.3 146.5 150.6 
Y1692 101.6 107.5 111.6 116.6 123.8 127.0 132.4 137.9 143.3 148.3 154.7 159.7 164.2 
Y1702 99.8 105.2 111.1 115.7 122.5 122.5 128.4 132.9 137.0 144.2 148.8 153.8 156.5 
Y2053 93.8 98.9 103.0 108.9 113.9 117.0 119.7 123.4 129.3 132.4 135.2 141.5 147.0 
Y2060 75.3 80.7 85.7 90.7 95.3 96.2 102.1 106.1 108.9 113.4 115.2 115.7 121.1 
Y2080 99.3 103.4 107.0 108.0 113.4 115.2 119.7 122.5 127.9 132.9 136.1 142.4 144.7 
Y2100 87.1 93.0 98.4 104.8 111.1 114.8 120.2 126.6 128.4 130.6 133.4 138.3 143.3 
Y5454 80.7 86.2 92.1 95.3 100.7 105.2 108.4 112.9 116.6 117.9 118.8 121.6 122.9 
Y5460 75.3 79.4 83.9 86.2 92.5 96.2 98.9 100.2 103.0 106.6 108.9 111.1 113.4 
Y5480 66.7 68.0 72.6 78.0 81.6 86.6 90.7 92.1 94.8 95.7 98.9 100.7 104.3 
Y5501 71.7 74.4 78.5 83.5 86.6 90.3 93.0 96.2 98.9 100.2 103.4 106.6 108.9 
X 86.4 91.0 96.2 100.2 106.0 109.2 113.3 117.0 120.6 124.2 128.2 132.5 135.8 
SD 12.1 13.0 13.3 13.0 14.2 13.8 14.1 15.1 15.8 17.2 18.5 20.3 20.4 
SE 3.5 3.7 3.8 3.7 4.1 4.0 4.1 4.4 4.6 5.0 5.4 5.9 5.9 
Average 
weekly 5.1 4.6 5.2 4.0 5.8 3.2 4.1 3.7 3.6 3.6 4.0 4.3 3.3 
gain 
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Table A5. Group 1 (isolated-total darkness)—Ovarian and 
uterine weights and C.L, number at 35 weeks 
Average 
Uterine 
Corpora lutea 
mnnl-Kar State of 
ovarian repro­
Gilt •weight weight Right Left ductive 
number (g) (g) ovary ovary tract 
Y1700 2.4 88.0 0 0 Infantile 
Y1690 3.0 80.2 0 0 Infantile 
Y1680 2.0 78.0 0 0 Infantile 
Y1671 9.5 689.0 6 11 Mature 
Y2052 8.0 334.0 6 9 Mature 
Y2065 3.2 117.0 0 0 Infantile 
Y2082 9.3 537.5 6 9 Mature 
Y2105 8.5 830.0 6 8 Mature 
Y5453 3.6 83.0 0 0 Inf anti le 
Y5464 8.0 '445.6 7 8 Mature 
Y5486 7.2 566.0 9 6 Mature 
Y55'^4 2.5 128.0 0 0 Inf anti le 
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Table A6. Group 2 (isolated-constant light)—Ovarian and 
uterine weights and C.L. number at 35 weeks 
Average 
Uterine 
Corpora lutea 
nnTnT-K^r- State of 
ovarian repro­
Gilt weight weight Right Left ductive 
number (g) (g) ovary ovary tract 
Y1701 5.0 102.0 0 0 Infantile 
Y1691 12.2 780.0 8 8 Mature 
Y1682 7.5 568.5 12 7 Mature 
Y1670 2.4 73.0 0 0 Infantile 
Y2051 3.6 61.2 0 0 Infantile 
Y2062 13.0 713.4 7 3 Mature 
Y2085 7.6 467.0 6 9 Mature 
Y2102 3.6 258.0 0 0 Infantile 
Y5455 5.0 494.0 0 0 Mature 
Y5463 4.0 122.0 0 0 Infantile 
Y5483 2.6 116.5 0 0 Infantile 
Y5503 7.0 610.0 10 7 Mature 
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Table A7. Group 3 (isolated-normal daylight)—Ovarian and 
uterine weights and C..L. number at 35 weeks 
Average 
Uterine 
Corpora lutea 
nnm'he'r state of 
ovarian repro­
Gilt weight weight Right Left ductive 
number (g) (g) ovary ovary tract 
Y5451 
m
 
00 
716.0 0 0 Mature 
Y5462 7.0 484.5 0 0 Mature 
Y5484 8.5 596.0 7 6 Mature 
Y5500 7.5 794.0 6 11 Mature 
Y2750 6.0 655.7 7 7 Mature 
Y2798 2.0 104.0 0 0 Infantile 
Y2807 7.6 508.0 9 7 Mature 
Y2814 3.2 123.0 0 0 Infantile 
Y2753 1.8 143.5 0 0 Infantile 
Y2792 2.5 200.0 0 0 Infantile 
Y2803 1.5 56.5 0 0 Infantile 
Y2810 1.2 50.0 0 0 Inf anti le 
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Table A8. Group 4 (grouped-normal daylight)—Ovarian and 
uterine weights and C.L. number at 35 weeks 
Average 
Uterine 
Corpora lutea 
NUMBER State of 
ovarian repro­
Gilt weight weight Right Left ductive 
number (g) (g) ovary ovary tract 
Y1672 
IT
) 
208.5 0 0 Infantile 
Y1681 2.4 135.0 0 0 Infantile 
Y1592 6.0 816.0 10 5 Mature 
Y1702 8.4 1196.0 10 16 Mature 
Y2053 6.5 481.5 8 4 Mature 
Y2060 8.6 498.0 3 6 Mature 
Y2080 9.3 477.0 9 7 Mature 
Y2100 7.9 548.0 5 5 Mature 
Y5454 6.4 364.0 11 5 Mature 
Y5460 10.4 497.0 9 5 Mature 
Y5480 6.3 385.5 5 3 Mature 
Y550i 3.6 95.2 0 0 Infantile 
Table A9. Group 1 (isolated-total darkness)—Serum progesterone 
concentrations (ng/ml) 
Age of  gi lts  (weeks) 
number 21 22 23 24 25 26 27 
Y1700 0.25 0.40 0.35 0.38 0.29 0.30 0.29 
Y1690 a 0.25 - - - - 0.17 
Y1680 0.17 0.35 0.15 - 0.18 0.25 0-20 
Y1671 0.39 0,42 0.26 0.36 0.48 0.46 0.40 
Y2052 - 0.22 0.17 0.28 0.39 0.42 0.22 
Y2065 0.16 0.21 0.21 0.42 0.38 0.27 0.29 
Y2082 0.15 0.34 0.18 0.34 0.29 0.45 12.10 
Y2105 - 0.16 0.34 0.35 0.32 0.32 0.23 
Y5453 0.20 0.22 0.40 0.18 - 0.23 0.18 
Y5464 0.25 0.18 0.28 0.35 0.18 4.86 23.85 
Y5486 0.20 - 0.31 0.34 0.42 0.34 0.27 
Y5504 0.28 0.20 0.21 0.38 0.17 0.36 0.42 
= nondetectable (<0.15 ng/ml).  
Table AlO. Group 2 ( isolated-constant daylight)—Serum progesterine 
concentrations (ng/ml) 
Age of  gi lts  (weeks) 
number 21 22 23 24 25 26 27 
Y1701 0.21 0.21 0.24 0.32 0.39 0.29 0.32 
Y1691 0.27 0.20 0.16 0.28 0.27 0.29 0.38 
Y1682 0.20 0.22 0.15 0.15 0.19 0.15 0.32 
Y1670 0.22 0.30 0.20 0.20 0.39 0.29 0.18 
Y2051 0.24 0.37 0.22 0.30 0.25 0.45 0.18 
Y2062 0.16 0.27 0.17 0.27 0.33 0.34 0.20 
Y2085 0.15 0.25 0.18 0.32 0.33 0.23 0.22 
Y2102 0.19 0.21 0.36 0,31 0.30 0.41 0.26 
Y5455 0.20 0.30 0.42 0.35 _a 0.22 0.35 
Y5463 - - 0.31 0.38 0.37 0.42 0.40 
Y5483 0.27 0.22 0.21 0.23 0.21 0.15 0.16 
Y5503 0.25 0.25 0.26 0.29 0.40 0.31 0.28 
= nondetectable (<0.15 ng/ml).  
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Age of  gi lts  (weeks) 
28 29 30 31 32 33 34 35 
0.30 0.30 0.25 0.27 0.41 0.35 0.23 0.22 
- 0.15 - - - - - 0.16 
0.21 - 0.20 0.23 0.19 0.22 0.40 -
0.50 0.36 0.37 0.33 0.23 0.24 0.28 6.38 
0.27 - 0.27 0.34 15.12 23.20 0.62 16.25 
0.16 0.20 0.21 0.24 0.36 0.30 0.36 0.36 
5.34 1.20 11.65 0.43 15.70 19.14 1.58 20.30 
0.24 4.58 16.55 0.58 12.82 22.10 1.53 18.52 
0.20 - 0.15 0.37 0.20 0.32 0.42 0.25 
4.50 5.10 29.52 2.00 21.64 24.88 1.22 10.64 
0.18 0.18 0.25 - 0.28 0.20 2.65 18.70 
0.19 0.18 0.22 0.19 0.25 0.20 - 0.20 
Age of  gi lts  (weeks) 
28 29 30 31 32 33 34 35 
0.23 
0 . 2 2  
_a 
0.24 
0.27 
0.17 
0.27 
0.28 
0 .28  
0 .22  
0 . 20  
4.32 
0.38 
0.27 
0.24 
0.20 
0.29 
0.27 
0 .20  
0.21 
0 .22  
34.62 
0.30 
0.23 
0.16 
0 .28  
0.27 
0.23 
0 .28  
0.32 
0 .22  
1.24 
0.30 
0.24 
0.28 
0.24 
0.20 
0 . 2 2  
0.25 
23.30 
0.19 
0.18 
23.82 
0.19 
0.33 
0 . 2 0  
0.16 
0.30 
0.40 
0.52 
0.26 
40.00 
0.36 
0.38 
26.00 
0.45 
0.35 
0.15 
0.34 
5.20 
6 .60  
0.28 
0.38 
0.42 
0.30 
0.70 
0.30 
11.62 
0.33 
0.17 
0.32 
22.45 
21.23 
0.28 
24.42 
0.18 
15.72 
0.36 
15.73 
4.10 
0 .22  
0.40 
4.50 
6.52 
0.30 
32.10 
0.25 
0.17 
18.43 
Table All. Group 3 (isolated-normal daylight)—Serum progesterone 
concentrations (ng/ml) 
Age of  gi lts  (weeks) 
number 21 22 23 24 25 26 27 
Y5451 0.28 _ 0^25 0.31 0.38 0.28 0.30 0.35 
Y5462 - 0.20 0.38 0.36 0.42 0.16 0.15 
Y5484 0.26 0.32 0.25 0.35 0.48 0.27 16.82 
Y5500 0.15 0.20 0.19 0.31 0.27 0.35 0.21 
Y2750 0.23 0.22 0.18 0.20 0.20 0.27 0.24 
Y2798 0.20 0.20 0.20 0.20 0.26 0.30 0.27 
Y2807 0.20 0.23 0.25 0.30 0.18 0.16 0.27 
Y2814 0.19 0.17 - 0.17 0.22 0.18 0.15 
Y2753 - 0.15 0.15 0.20 0.24 0.22 0.18 
Y2792 0.17 0.19 0.20 0.20 0.30 0.25 0.22 
Y2803 0.20 0.17 0.15 0.24 0.30 0.30 0.30 
Y2810 0.15 0.22 0.23 0.15 0.18 0.25 0.27 
= nondetectable (<0.15 ng/ml).  
Table A12.  Group 4 (grouped-normal daylight)—Serum progesterone 
concentrations (ng/ml) 
Age of  gi lts  (weeks) 
number 21 22 23 24 25 26 27 
Y1672 0.23 0.23 0.34 0.24 0.31 0.37 0.30 
Y1681 0.26 0.23 0.20 0.15 0.20 0.28 0.24 
Y1692 0.27 0.37 0.28 0.24 0.34 0.30 0.28 
Y1702 0.23 0.15 0.21 0.23 0.21 0.19 0.22 
Y2053 - 0.28 0.15 0.27 0.30 0.35 0.30 
Y2060 0.15 0.28 0.20 0.28 0.28 0.30 0.19 
Y2080 0.17 0.27 0.24 0.36 0.40 0.36 0.30 
Y2100 0.16 0.26 0.17 0.23 0.19 0.20 0.18 
Y5454 0.20 0.18 0.26 0.28 0.15 0.41 9.70 
Y5460 0.25 0.22 0.34 27.20 22.45 0.21 20.00 
Y5480 - 0.15 0.26 0.17 0.25 0.22 0.30 
Y5501 0.20 0.18 0.28 0.32 0.17 0.15 0.17 
= nondetectable (<0.15 ng/ml).  
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Age of  gi lts  (weeks) 
28 29 30 31 32 33 34 35 
0.18 a 0.20 0.26 17.00 28.43 0.48 15.25 
0.25 0.32 0.15 18.76 0.70 0.85 16.90 22.42 
12.50 2.80 34.65 0.30 21.64 23.82 0.43 0.82 
0.22 0.15 0.27 0.32 0.32 7.20 22.27 4.68 
0.30 0.32 0.44 28.26 35.80 0.62 18.15 24.35 
0.24 0.30 0.15 0.18 0.22 0.21 0.27 0.22 
0.33 0.21 0.33 0.45 0.25 0.30 16.20 20.75 
-
- 0.20 0.23 0.15 0-15 0.16 0.23 
0.28 0.24 0.32 0.23 0.24 0.24 0.19 0.22 
0.23 0.15 0.20 0.26 0.20 0.17 - 0.30 
0.33 0.23 - - 0.18 0.15 0.15 0.15 
0.21 0.24 0.25 0.20 0.25 0.28 0.20 0.20 
Age of  gi lts  (weeks) 
28 29 30 31 32 33 34 35 
0.28 0.30 0.30 0.25 0.24 0.37 0.30 0.25 
0.22 0.34 a - 0.20 - 0.15 0.20 
0.36 0.42 0.30 0,25 0.24 2.45 22.00 0.75 
0.27 0.20 0.20 0.20 2.80 15.75 0.35 8.20 
0.26 0.18 0.27 5.68 16.82 3.24 7.82 19.15 
0.25 0.20 0.22 4,50 20.91 0.45 16.23 29.00 
0.22 0.20 0.27 3,94 15.12 1.20 8.70 26.17 
10.42 19.00 0.33 14,52 5.27 1.85 24,66 11.20 
20.00 0.78 12.80 35,20 1.00 17.42 31,22 4.36 
10.24 6.00 25.30 0,82 29.50 22.70 0.62 20.43 
0.32 0.34 0.30 0,28 0,25 0.25 0.28 24.20 
0,20 0.15 0,25 0,30 0,35 0.30 0,24 0.20 
Table A13.  Weekly body weights (kg) of  olfactory bulbectomized gi lts  
Gilt  
number 25 
Body weight at  weekly intervals (kg) 
26 27 28 29 30 31 
Y2790 98.0 100.2 105.2 112.5 116.1 120.2 126.1 
Y2793 78.9 85.3 89.4 94.3 99.3 103.4 108.0 
Y2796 86.2 91.6 99.8 107.5 113.4 119.3 124.7 
Y2800 70.3 78.5 87.1 91.6 97.5 102.5 106.6 
Y2802 68.0 73.5 80.3 87.5 94.3 98.0 101.2 
Y2813 85.3 92.5 98.0 103.0 107.0 112.9 117.0 
Y2815 67.1 71.7 74.4 83.9 88.0 92.5 97.1 
Y2817 71.7 74.8 79.4 86.6 92.5 97.5 102.5 
Y2818 68.9 75.3 78.9 83.9 87.1 91.6 97.1 
Y2822 91.6 98.0 106.6 108.9 115.7 124.3 129.3 
Y2824 69.9 79.8 85.7 89.3 96.2 102.5 107.0 
Y2825 75.7 83.9 92.5 95.3 100.7 106.1 109.8 
X 
SD 
SE 
Average 
weekly 
gain 
77.6 
10.3 
3.0 
83.8 
9.8 
2 . 8  
6 . 2  
89.8 
10.7 
3.1 
6 . 0  
95.4 
10.2 
2.9 
5.6 
100.7 
10.2 
2.9 
5.3 
105.9 
10.9 
3.1 
5.2 
110.5 
11.2 
3.2 
4.6 
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Body weight at  weekly intervals (kg) 
32 33 34 35 36 37 38 39 
129.7 133.4 137.0 142.9 146.1 147.4 149.7 152.4 
111.6 115.7 121.1 126.6 127.9 129.7 132.0 133.8 
129.3 133.8 138.3 142.0 144.2 147.4 152.4 157.9 
112.5 119.3 123.4 128.4 132.4 139.4 142.0 148.3 
106.1 109.8 113.4 116.6 120.7 124.7 128.4 133.8 
120.7 127.0 131.1 137.4 144.2 147.4 150.1 153.3 
103.0 108.0 110.2 114.3 118.8 120.2 125.6 128,8 
108.4 113.4 120.2 125.7 130.6 136.1 141.1 145.6 
103.0 105.7 109.8 113.9 117.5 119.7 122.5 126.1 
134.3 140.6 147.9 152.4 156.9 161.5 167.8 172.4 
111.6 116.6 121.6 125.2 129.7 134.7 140.6 143.8 
112.5 117.0 120.2 122.5 127.5 128.8 133.4 137.0 
115.2 120.0 124.5 129.0 133.0 136.4 140.5 144.4 
10.8 11.2 11.8 12.3 12.3 12.7 13.1 13.4 
3.1 3.2 3.4 3.5 3.5 3.7 3.8 3.9 
4.7 4.8 4.5 4.5 4.0 3.4 4.1 3.9 
Table A14. Weekly body weights (kg) of sham-operated controls 
Body weight at  weekly intervals (kg) 
number 25 26 27 28 29 30 31 
Y2780 64.4 
Y2794 67.6 
Y2795 90.7 
Y2801 83.9 
Y2806 87.5 
Y2811 73.0 
Y2812 69.9 
Y2820 54.9 
Y2821 81.6 
Y2823 81.6 
X 75.5 
SD 11.4 
SE 3.6 
Average 
weekly 
gain 
70.3 74.8 
77.6 85.3 
94.3 98.9 
88.5 93.4 
93.4 99.8 
77.6 84.4 
77.6 84.4 
58.1 61.2 
88.5 94.8 
90.7 98.9 
81.7 87.6 
11.6 12.4 
3.6 3.9 
6.2 5.9 
82.6 90.7 
91.2 95.3 
103.9 108.9 
99.8 105.7 
104.8 109.3 
89.8 95.3 
88.0 94.3 
64.9 70.3 
98.9 103.4 
104.3 109.8 
92.8 98.3 
12.5 12.1 
3.9 3.8 
5.2 5.5 
94.8 98.0 
98.9 104.3 
113.4 118.8 
111.1 117.0 
115.7 119.7 
100.2 105.2 
101.4 105.7 
74.8 81.6 
107.5 113.4 
114.8 118.4 
102.9 108.2 
12.0 12.0 
3.8 3.8 
4.6 5.3 
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Body weight at  weekly intervals (kg) 
32 33 34 35 36 37 38 39 
100.7 104.3 108.9 114.3 117.0 119.3 122.5 126.1 
111.1 115.7 121.1 126.1 130.2 137.9 140.6 142.4 
123.8 129.7 132.4 136.1 138.3 140.6 143.3 146.5 
122.5 129.7 133.4 139.7 142.0 143.3 147.0 149.7 
123.8 127.0 129.7 133.4 136.1 138.3 143.3 146.5 
108.9 113.4 117.9 120.7 125.6 128.4 136.1 139.3 
109.8 115.2 120.7 127.0 138.3 145.1 147.0 151.5 
88.5 91.6 95.7 99.8 105.2 107.5 111.1 117.0 
118.8 122.5 129.3 131.5 137.0 139.7 142.4 144.2 
124.3 129.7 137.0 140.6 145.1 147.4 150.6 154.2 
113.2 117.9 122.6 126.9 131.5 134.8 138.4 141.7 
11.9 12.6 12.7 12.6 12.4 12.7 12.3 11.7 
3.7 3.9 4.0 3.9 3.9 4.0 3.8 3.7 
5.0 4.7 4.7 4.3 4.6 3.3 3.6 3.3 
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Table A15. Olfactory bulbectomized gilts—Ovarian and 
uterine weights and C.L., number at 39 weeks 
Average 
Uterine 
Corpora lutea 
• n i i m ' h  f a r - State of 
ovarian repro­
Gilt weight weight Right Left ductive 
number (g) (g) ovary ovary tract 
Y 2 7 9 0  4 . 0  5 2 2 . 5  1 1  8  Mature 
Y 2 7 9 3  3 . 7  5 1 . 2  0  0  Infantile 
Y 2 7 9 5  4 . 3  5 1 1 . 0  8  8  Mature 
Y 2 8 0 0  3 . 0  8 4 . 8  0  0  Infantile 
Y 2 8 0 2  2 . 1  8 4 . 5  0  0  Infantile 
Y 2 8 1 3  8 . 5  5 4 2 . 0  4  1 0  Mature 
Y 2 8 1 5  3 . 8  1 8 4 . 0  0  0  Infantile 
Y 2 8 1 7  3 . 4  1 9 0 . 5  0  0  Infantile 
Y 2 8 1 8  2 . 4  5 5 . 0  0  0  Infantile 
Y 2 8 2 2  1 0 . 8  5 4 2 . 5  1 0  8  Mature 
Y 2 8 2 4  4 . 0  1 2 2 . 0  0  0  Infantile 
Y 2 8 2 5  2 . 0  1 9 2 . 0  0  0  Infantile 
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Table A16 Sham-operated controls—Ovarian and uterine 
weights and C.L. number at 39 weeks 
Average 
Uterine 
Corpora lutea 
number State of 
ovarian repro­
Gilt weight weight Right Left ductive 
number (g) (g) ovary ovary tract 
Y2780 5.1 434.0 5 8 Mature 
Y2794 8.5 798.2 5 8 Mature 
Y2795 7.4 997.0 0 0 Mature 
Y2801 7.8 528.0 9 5 Mature 
Y2805 8.4 885.5 11 5 Mature 
Y2811 7.8 532.0 9 5 Mature 
Y2812 5.5 731.0 9 5 Mature 
Y2820 3.1 71.3 0 0 Infantile 
Y2821 3.5 134.5 0 0 Infantile 
Y2823 8.3 777.2 4 12 Mature 
Table A17. Olfactory bulbectomized gilts—Serum progesterone con­
centrations (ng/ml) 
Age of  gi lts  (weeks) OXXL 
number 25 26 27 28 29 30 31 
Y2790 0.24 0.20 0.16 0.30 0.22 0.28 0.32 
Y2793 a 0.18 0.19 0.28 0.27 0.28 0.28 
Y2796 - - 0.27 0.27 0.26 0.36 0.33 
Y2800 0.27 0.22 0.20 0.26 0.27 0.24 0.24 
Y2802 0.15 0.17 0.20 0.20 0.23 0.25 0.28 
Y2813 0.22 0.33 0.28 0.30 0.32 0.36 0.30 
Y2815 0.32 0.30 0.32 0.34 0.26 0.26 0.32 
Y2817 0.18 0.15 0.15 0.18 0.27 0.16 0.15 
Y2818 - 0.26 0.20 0.17 0.28 0.30 0.20 
Y2822 0.20 0.20 0.20 0.24 0.20 0.26 0.26 
Y2824 - - 0.27 0.23 0.22 0.34 0.27 
Y2825 0.18 0.24 0.30 0.26 0.25 0.26 0.22 
^Nondetectable (  0.15 ng/ml).  
Table A18.  Sham-operated controls—Serum progesterone concentrations 
(ng/ml) 
Gilt  
number 
Age of  gi lts  (weeks) 
25 26 27 28 29 30 31 
Y2780 0.18 
Y2794 0.20 
Y2795 0.50 
Y2801 cL 
Y2806 0.20 
Y2811 0.20 
Y2812 0.25 
Y2820 0.25 
Y2821 -
Y2823 0.17 
0.18 0.23 
0.20 0.19 
0.25 0.26 
0.20 0.26 
0.27 0.26 
0.25 0.25 
0.25 0.27 
0 . 2 2  
0.20 0.23 
0.20 0.25 
0.22 0.21 
0.28 0.28 
0.29 0.30 
0.17 0.20 
0.30 0.30 
0.21 0.19 
0.30 0.34 
0.26 0.27 
0.18 8.50 
0.25 0.30 
0.24 0.21 
0.30 0.33 
0.26 -
0.20 0.21 
0.22 0.18 
0.16 0.32 
0.26 0.30 
0.35 0.25 
28.44 1.12 
^Nondetectable (  0.15 ng/ml).  
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Age of  s i l ts  (weeks) 
32 33 34 35 36 37 38 39 
0.20 0.30 0.40 12.70 20.70 3.05 27.52 2.24 
0.28 0.33 0.20 0.34 0.20 0.15 0.21 0.16 
0.20 0.20 0.22 0.36 0.32 1.75 19.50 1.00 
- 0.20 0.32 0.30 0.42 0.15 - 0.33 
0.23 0.42 0.33 0.36 - 0.20 0.25 0.15 
0.33 0.34 0.30 0.26 0.28 0.18 0.20 8.50 
0.22 0.25 0.23 0.31 0.32 0.21 0.24 -
0.32 0.28 0.28 0.20 0.16 - - -
0.22 0.20 0.20 0.24 0.23 0.32 0.30 0.30 
0.25 0.24 0.26 0.37 6.82 20.30 17.42 8.50 
0.30 0.25 0.25 0.23 0.36 0.30 0.32 0.28 
0.32 0.20 0.20 0.26 0.31 0.28 0.20 0.20 
Age of  gi lts  (weeks) 
32 33 54 35 36 37 38 39 
0.26 0.22 0.28 0.25 0.15 7.43 25.62 1.75 
14.21 26.80 2.24 2.43 6.10 12.50 2.16 17.90 
15.00 30.25 8.50 28.00 16.52 0.38 22.00 36.24 
0.18 0.27 0.26 0.21 0.28 5.44 12.56 0.63 
0.16 0.28 11.00 24.05 0.85 19.32 23.66 3.40 
0.20 0.32 0.28 0.38 0.18 12.05 17.63 0.31 
0.22 0.35 0.36 0.31 8.62 22.80 0.36 18.40 
0.30 0.20 0.31 0.32 0.15 0.20 0.20 0.20 
0.22 0.20 0.28 0.25 - 0.24 0.24 0.25 
8.57 31.00 0.32 14.85 18.70 0.44 14.30 27.70 
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Table A19. Ovarian dimensions of hypophysial stalk-
transected heifer number C40 as determined 
by rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
OV&JT 1 &Ï1 
size (cm^) of LHRH Left Right 
0 2.5x2.5x2.2 2.1x2.0x1.6 10.3 
5 2.6x2.0x1.8 2.6x2.2x2.0 10.4 
10 2.5x2.0x1.8 2.6x2.0x2.0 9.7 
15 2.4x1.8x1.8 2.4x2.0x1.7 8.0 
20 2.4x1.8x1.8 2.4x1.9x1.7 7.8 
25 2.6x2.0x1.8 2.4x2.1x2.7 9.0 
30 2.6x2.5x2.0 2. 5x2. 5x2. 2 13.4 
Table A20. Ovarian dimensions of hypophysial stalk-
transected heifer number C66 as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovarian 
of LHRH Left Right size (cm ) 
0 2.6x2.2x2.2 2.5x2.5x2.2 13.2 
5 2.4x2.4x2.2 2.6x2.4x2.2 13.2 
10 2.8x2.4x2.4 2.6x2.5x2.4 15.9 
15 2.6x2.6x2.6 2.8x2.8x2.4 18.2 
20 2.8x2.4x2.4 2.8x2.6x2.4 16. 8 
25 2.6x2.4x2.4 2.8x2.4x2.2 14.9 
30 2.6x2.2x2.2 2.6x2.4x2.4 13.8 
35 2.6x2.2x2.2 2.8x2.4x2.4 14.4 
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Table A21. Ovarian dimensions of hypophysial stalk-
transected heifer number C70 as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovarian-
of LHRH Left Right size (cm ) 
0 2.4x2.0x1.8 2.6x2.0x1.7 8.7 
5 2.4x2.0x1.8 2.6x2.0x1.9 9.2 
10 2.6x2.0x2.0 2.8x2.4x2.0 11.9 
15 3.0x2.5x2.2 2.9x2.6x2.0 15.8 
20 2.7x2.0x2.0 3.6x2.8x2.3 17.0 
25 2.6x2.2x1.8 3.4x3.0x2.0 15.4 
30 2.6x2.4x2.2 3.4x3.4x2.0 18.4 
35 2.6x2.4x2.2 3.4x3.4x2.0 18.4 
40 2.6x2.4x2.2 3.4x3.4x2.0 18.4 
Table A22. Ovarian dimensions of hypophysial stalk-
transected heifer number C7l as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovarian^ 
of LHRH Left Right size (cm ) 
0 2.4x2.2x2.0 2.4x2.0x1.8 9.6 
5 2.4x2.4x2.2 2.6x2.4x2.2 13.2 
10 2.4x2.2x2.0 2.6x2.4x2.1 12.4 
15 2.8x2.4x2.4 2.6x2.4x2.4 15.5 
20 2.4x2.2x2.0 2.8x2.4x2.2 12.7 
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Table A23. Ovarian dimensions of hypophysial stalk-
transected heifer number C74 as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovarian-
of LHRH Left Right size (cm ) 
0 2.2x2.2x2.0 2.6x2.2x2.0 10.6 
5 2.4x2.4x2.2 2.6x2.2x2.2 12.6 
10 2.6x2.4x2.2 2.8x2.2x2.2 13.6 
15 2.6x2.4x2.2 2.8x2.4x2.2 14.2 
20 2.6x2.4x2.2 2.7x2.2x2.1 13.1 
25 2.6x2.4x2.2 2.7x2.1x2.1 12.8 
30 2.6x2.4x2.2 2.7x2.1x2.1 12.8 
35 2.6x2.4x2.2 2.4x2.2x2.2 12.6 
40 2.4x2.4x2.2 2.6x2.4x2.2 13.2 
Table A24. Ovarian dimensions of hypophysial stalk-
transected heifer number C113 as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovarian 
of LHRH Left Right size (cm ) 
0 1.0x0.8x0.7 1.4x1. 0x0. 7 0.8 
5 1.0x0.8x0.7 1.2x1. 0x0. 6 0.8 
10 1.0x0.8x0.7 1. 2x1. 0x0.6 0.8 
15 1.2x0.8x0.8 1.2x1.0x0.8 1.4 
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Table A25. Ovarian dimensions of hypophysial stalk-
transected heifer number C114 as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovâi* 13.n— 
of LHRH Left Right size (cm ) 
0 2. 0x1. 5x1. 0 2.2x1.5x1.0 3.1 
5 2.4x1.8x1.4 2. 8x2.6x1.5 8.5 
10 2.4x1.8x1.4 3.2x2.6x1.8 10.5 
15 2.8x2.5x2.2 3.5x3.4x2.8 24.7 
20 2.8x2.6x2.2 3.6x3.4x2.8 25.2 
25 3.2x2.8x2.0 3.4x3.2x2.8 24.2 
30 3.6x3.0x2.2 4.0x3.8x3.2 36.2 
35 2.4x2.2x1.6 2.8x2.4x1.8 10.2 
40 2.2x2.0x1.8 2.4x2.2x1.6 8.2 
Table A26. Ovarian dimensions of hypophysial stalk-
transected heifer number C116 as determined by 
rectal palpation 
Day of Index of 
pulsatile 
infusion Ovarian dimensions (cm) 
average 
ovarian-
of LHRH Left Right size (cm ) 
0 1.2x2.0x2.6 1.0x2.0x2.8 5.9 
5 3.0x2.6x1.6 3.2x2.6x1.8 13.7 
10 2.6x2.2x1.8 3.2x2.8x1.8 13.2 
15 2.8x2.4x1.8 3.4x2.4x1.S 13,4 
20 2.8x2.6x1.9 3.6x2.6x1.8 15.3 
25 2.6x2.0x1.8 3.6x2.6x1.8 13.1 
30 2.6x1.8x1.4 3.4x2.2x1.6 9.3 
35 2.6x2.2x1.6 3.2x2.3x1.7 10.8 
40 2.4x2.0x1.4 3.2x2.2x1.4 8.3 
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Table A27. Ovarian dimensions of hypophysial stalk-
transected heifer number C118 as determined by 
rectal palpation 
Day of 
pulsatile 
infusion 
of LHRH 
Ovarian dimensions (cm) 
Index of 
average 
ovari an_ 
size (cm ) Left Right 
0 2.4x2.4x2.2 2.4x2.4x2.2 12.5 
5 2.4x2.0x1.8 2.5x2.2x2.0 10.0 
10 2.4x2.2x2.0 2.6x2.4x2.4 12.8 
15 2.4x2.4x2.4 2.6x2.2x2.2 13.2 
20 2.4x2.4x2.4 2.6x2.4x2.4 14.4 
25 2.4x2.2x2.4 2.6x2.6x2.4 14.5 
30 2.4x2.4x2.4 2.6x2.4x2.4 14.4 
35 2.6x2.4x2.4 2.8x2.6x2.4 16.2 
Table A28. Ovarian dimensions 
transected heifer 
rectal palpation 
of hypophysial 
number CI19 as 
stalk-
determined by 
Day of 
pulsatile 
infusion 
of LHRH 
Ovarian dimensions (cm) 
Index of 
average 
ovarian^ 
size (cm ) Left Right 
0 1.2x1.2x1.0 1.4x1.4x1.0 1.7 
5 1.2x1.2x1.0 1.4x1.4x1.0 1.7 
10 2.0x1.8x1.2 2.4x1.8x1.2 4.7 
15 2.0x2.0x1.8 2.5x2.2x2.0 9.3 
20 2.5x2.0x1.8 2.6x2.2x2.0 10.4 
25 2.4x2.0x1.5 2.5x2.2x1.6 8.2 
30 2.6x2.2x1.5 2.8x2.4x1.5 9.7 
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Table A29. Effect of pulsatile infusion of LHRH in hypo­
physial stalK-transected heifer number C40 on 
sequential profiles of LH secretion 
pulsatile LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
of LHRH min 
0 0.9 0.7 0.7 0.8 1.0 1.0 1.0 1.2 0.9 
5 1.2 1.5 1.7 1.5 1.4 1.7 1.4 1.4 2.9 
10 1.6 2.3 1.5 1.3 1.5 1.7 1.5 1.8 1.7 
15 2.0 1.8 2.2 1.3 1.1 1.5 1.0 0.9 1.0 
20 2.5 2.2 2.0 1.6 1.5 1.4 1.4 1.2 1.5 
25 1.6 1.6 0.9 13.8 10.4 4.8 6.6 5.3 3.9 
30 2.3 3.7 2.7 11.0 14.3 9.0 11.3 8,3 5.7 
Table A30. Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer nuitber C66 on 
sequential profiles of LH secretion 
pulsatile LH in periperhal serum, nq/ml 
infusion 0 20 40 60 80 100 120 140 160 
of LHRH min 
0 1.0 0.4 0.6 0.6 0.5 0.7 1.0 0.7 1.2 
5 0.8 0.8 0.6 1.0 1.5 1.9 0.7 0.3 0.5 
15 0.7 0.6 1.0 1.2 0.5 1.7 1.8 3.7 1.6 
20 1.5 2.0 2.4 1.3 6.0 2.4 1.6 2.2 2.4 
25 2.9 1.3 3.6 7.4 2.1 1.0 1.5 1.5 1.9 
30 1.2 1.8 1.3 1.2 1.3 0.9 0.7 1.4 1.3 
= no samples. 
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Table A31. Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer number C70 on 
sequential profiles of LH secretion 
pulsatile LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
of LHRH ———————————————————————^^in——————————————————————— 
0 1.2 1.5 1.5 1.4 1.2 0.7 1.2 1.5 1.2 
5 2.5 3.0 2.7 2.1 1.8 3.1 2.4 1.9 3.4 
10 3.1 2.3 2.1 4.5 2.8 1.9 3.9 2.0 1.2 
15 0.5 0.5 0.8 0.3 0.2 0.3 0.3 0.7 0.4 
20 2.1 2.7 6.5 4.5 1.6 3.0 1.8 1.1 3.2 
21 20.0 30.5 26.0 10.4 6.0 5.3 2.9 3.1 2.3 
22 1.3 1.3 3.5 2.5 2.4 2.7 1.9 1.9 2.2 
24 1.9 3.1 2.7 3.3 1.9 2.4 4.1 2.5 1.6 
30 1.2 2.1 1.3 1.3 2.0 1.0 0.7 1.2 1.0 
35 2.5 2.0 2.0 2.5 1.9 3.6 3.0 1.7 3.9 
40 1.0 1.8 0.9 3.9 3.9 2.1 2.5 3.1 1.8 
Table A32. Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer number C71 on 
sequential profiles of LH secretion 
LH in peripheral serum, ng/ml 
20 40 60 80 100 120 140 160 
Day of 
TM11 ca 4- 4 To —^ 
infusion 0 
of LHRH — 
0 0.7 0.6 0.9 0.7 0.9 0.7 1.0 1.0 0.7 
5 0.9 0.9 1.5 0.8 0.9 0.5 0.6 0.6 0.8 
10 1.4 1.3 2.0 1.3 1.8 1.2 1.2 0.9 0.9 
15 0.9 0.4 1.0 0.7 0.9 0.7 0.8 0.8 0.9 
20 1.2 2.0 0.6 1.1 0.9 1.0 0.7 1.2 0.8 
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Table A33. Effect of pulsatile infusion of LHRH in hypo­
physial staIK-transected heifer number C74 on 
sequential profiles of LH secretion 
pulsatile LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
of LHRH min 
0 0.8 0.9 0.5 0.7 0.8 0.9 0.7 0.6 0. 8 
5 2.2 3.2 2.4 1.7 1.7 2.0 1.2 2.3 2.5 
10 1.5 1.0 0.7 0.9 1.5 1.8 0.9 0.3 0.2 
15 0.4 0.2 0.3 0.5 0.7 0.5 1.2 1.0 1.2 
20 0.6 0.2 0.6 0.8 0.4 0.8 0.6 0.3 0.8 
25 2.3 1.8 1.0 0.5 0.8 0.6 0.9 1.2 1.0 
30 0.3 1.1 1.0 1.0 1.4 1.1 1.0 0.9 0.9 
Table A34. Effect of pulsatile infusion of LHRH in hypo­
physial STalK-transected heifer number C113 on 
sequential profiles of LH secretion 
pulsatile LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
0 1.7 
5 2.0 
10 3.1 
15 4.8 
1.8 1.8 
1.6 2.0 
1.5 2.4 
5.2 3.1 
1.2 1.6 
1.5 2.1 
2.5 2.0 
1.8 2.0 
1.5 0.8 
1.6 1.9 
2.1 2.8 
3.6 2.5 
0.5 1.5 
2.1 2.2 
2.0 1.3 
2.3 4.9 
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Table A35. Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer number C114 on 
sequential profiles of LH secretion 
LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
0 0.7 0.8 1.0 0.6 0.7 0.8 0.9 0.9 1.0 
5 1.8 1.9 9.3 3.5 1.3 2.3 1.7 1.4 1.8 
10 2.1 2.0 2.0 2.5 2.8 2.1 3.8 1.8 2.4 
15 2.8 2.3 5.3 3.0 4.2 2.5 2.7 1.4 2.3 
20 3.8 1.5 4.5 5.5 2.7 23.0 9.0 6.2 4.1 
25 3.3 2.4 3.2 3.3 2.0 1.0 1.6 1.8 1.3 
30 1.5 1.7 1.5 1.7 1.7 1.1 1.1 1.9 1.6 
Table A36. Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer number CI16 on 
sequential profiles of LH secretion 
1 _ LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
of LHRH min 
0 1.5 1.5 1.0 1.2 1.0 1.5 1.2 1.4 0.8 
5 4.8 3.6 2.6 4.5 3.9 3.3 3.5 2.7 4.3 
10 3.0 2.6 3.4 3.0 3.1 3.4 2.6 3.6 3.3 
15 3.0 3.5 2.8 6.5 3.4 2.8 2.7 3.2 6.8 
20 2.8 0.9 0.9 1.5 1.6 1.9 1.9 2.3 1.4 
25 2.3 2.9 2.0 2.2 1.1 1.1 3.0 3.1 1.5 
30 10.2 1.2 1.6 2.1 3.5 12.4 2.7 2.1 1.7 
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Table A37, Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer number CllB 
on sequential profiles of LH secretion 
ip m in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
of LHRH min 
0 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.2 0.2 
5 0.5 0.4 0.4 0.7 0.3 0.4 0.4 0.2 0.2 
10 0.7 0.6 0.6 0.7 0.2 0.6 0.6 0.2 0.4 
15 0.3 0.3 0.6 0.2 0.3 0.2 0.6 0.6 0.7 
20 0.9 0.8 0.5 0.2 0.2 0.5 0.4 0.4 0.3 
25 0.6 0.3 0.3 0.5 0.5 0.3 0.7 0.5 0.5 
30 0.3 0.3 0.2 0.2 0.9 0.8 0.7 0.6 0.9 
Table A38. Effect of pulsatile infusion of LHRH in hypo­
physial stalk-transected heifer number C119 on 
sequential profiles of LH secretion 
LH in peripheral serum, ng/ml 
infusion 0 20 40 60 80 100 120 140 160 
0 0.5 0.6 0.6 0.7 0.3 0.4 0.7 0.6 0.5 
5 0.7 1.2 2.3 2.0 0.6 1.1 1.0 0.8 0.7 
10 0.7 1.0 2.5 2.0 0.8 0.9 0.7 0.7 0.6 
15 0.7 0.6 0.5 0.4 0.7 0.7 0.7 0.7 1.5 
20 1.2 1.4 1.4 1.0 1.4 1.7 2.6 3.1 3.0 
25 3.2 2.6 2.2 2.1 1.6 1.6 1.5 1.8 2.2 
30 4.4 2.8 2.2 1.8 2.7 2.4 1.9 29.0 9.0 
